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RADIOLOGICAL SURVEY OF THE PROPERTY' AT 9700 LATTY AYEXUE, 
MZELlv‘OOD, XISSOURI* 

R. W. Leggetr F. F. Hr>wood 
P. T. Perdue f. B. Wagner 

M. T. Ryan 
C. J. Barton 

Health and Safety Research Division 
Oak Ridge National Laboratory 

Cak Ridge, Tennessee 57850 

ABST'FUCT 

A radiological survey was conducted at an ll-acre site in Hazelwood, 

M:ssouri, . -- formerly csed for storzge and drying oi radioactive residues 

originating from uranium ore handling operations at the Mallinckrodt 

Chemical Works in St. Louis, Missouri- There are four buildings on the 

=- ie; -- 2t the time of the sumey, these buildings were being prepared for 

us ? in 2n operation for manufacturing chemical coatings. The survey 

included measurement of the following: external gamma radiation at 1 m 

2bove surfaces throughout t'ne site; beta-gamma dose rates at 1 cm from 

surfaces throughout the site, 2nd transferable beta contamination levels 

in the buildings; directly measured and transferable alpha contamination 

lesels on surfaces in the buildings; concentrations of 
226R, 8, 25 

-=> > 

25%, 227 AC, and/or 230 Th in samples of soil 2nd other materiais on the 

site; concentrations of 250Th , 
226U, and 210 Pb in water and sediment from 

2 creek near the site; and concentrations of radon and progeny in air in 

the buildings on the site. It was found that suha and beta-gamma 

coqt&nation levels on srfaces and external pamma radiation levels at 

1 m above surfaces exceed current NRC guidelines for the release of 

=Xesearch sponsored by the Department of Energy under contract with 
Lkiion Carbide Coqoration. 

--_ -- ..~-- - 
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decontaminated property for unrestricted use over a large portion of the 

site. It is estimated that the tot three inches of c-j1 on much of the 

site contains an average of 140 nCi 226Ra/g and probably higher average 

concentrations of 238 230 u, l-h, 

buildings is completed wiEhour 

inside or near the stnctures, 

and 227Ac. If reconstruction of the 

removal of waste residues presently 

potentially hazardous 222 Rn daughter 

concentrations could develop inside some of the buildings. At preseni, 
- 219 the concentration of Rn daughters in Building 1 appears to be higher 

ihan the 222 Rn daughter concentration. 

Ih'TRODUCTION 

At the request of the Energy Research and Development Administration 

(=W and the Nuclear Regulatory Commission (NRC), 2 radiological 

survey was conducted at 2 former licensed site located at S200 Laity 

A~~enue in Hazelwood, Missouti. .There are four buildings on this 11-acre 

site (see Figs. 1 and 2). These structures have 2 total floor area of 

approximately 18,000 ft2. At the time of the survey, the buildings were 

all vacant and were being prepared by 4 workers fo r use in an operation 

for manufacturing chemical coatings; the remaining 10.6 acres on ihe 

property were not being used. The site is located in 2 large industrial 

area and is well removed from residential are=, Water run-off from 

some parts of the property drains into the nearby Coldwater Creek and 

the remainder of the run-off apparently drains into the city sewer 

system. 

The following history of the site was obtained from 2 1976 haC re- 

POit . ' In early 1966, ore residues and uranium- and radium-bearing 

..- , ._--.- 
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yxessel ‘k’2s tes which had been stored at the St. Louis Aiqort property - 

k-ere moved by the Continental biining 2nd Milling Coqany of Chicago, 

T'l;nois, to the Latty Avenue site. *--- These wastes had been generated by 

?iallinc.kzodt Chemical Works of St. Louis during the period 1942 through 

the 12te 1350's. In Zanuary, 1957, the Commercial Discount COrpOr2iiOn 

Of Chicago, Illincis, purchased the residues; much Of tlhe materi2.l 742s 

rS,e- . . dried and shipped to the Cotter Coqoration facilities in Canon 

City, Colorado. Tne source material remaining 2i ihe Latty Avenue site 

iv-z-s sold to the Cotter Corporation in December, i969. Records indiczte 

thct zes idues remzining on the site at that time included 74,000 tons of 

Beigia ConEo nitchbleb raffinate containing 2bout 112 tons of uranium, 

32,500 tons of Colorado raffinate containing about 48 tons of uranium, 

and 8700 tons of leached barium sulfate containing zbout 7 tons of 

uranium . Duting the period August through November, 1,070, Cotter Corporation 

drisi some of the remaining residues 2nd shipped them to their mill in 

Cvlon City, Coloxdo; by December, 1970, an esiknzted 10,000 tons of 

Cola-ado zffinate 2nd 8700 tons of leached barium sulfaie remained 2t & . 

rhe Latty Avenue siie. 

In ;wril 1974, an NRC inspector was informed that the remaining 

Colorado rzffinate had been shipped in mid-1973 to Canon City without 

drying & that the leached bzium suifate had 

lZTI21il 2-ea in St. Louis Co*mty. A reported 

been transported to 2 

12 to 18 in. of iop soil 

had been ct+uDed from the Laity Avenue - ---1 - s ire and h2d supposedly been 

rmoved witfl the leached barium sulfate. However, analyses of soil 

s=-rles taken during 2.n NRC investigation of the Latty Avenue site in 

.-- *” -- .-. -- 



1275 indicated the presence of uranium- and thorium-bearing residues; 

5xtherzmre, at some points on the site, direct readings of radiation 

exceeded criteria established by NRC for decontamination of land areas 

prior to release for unrestricted use. 

m LL.e ati- T-esent sur!ey was undertaken to characterize the existing 

radio logical status of the property. It was conducted by five members 

0: zhe Ye-l+’ c- ,n and Safety Research Xviricn, Oak Ridge National Laboratory 

(OR!;L] during the periods June 27 ihrough July 1, July 11 through July 

15, and September 19 through September 22, 1977. The survey included: 

(1) 

(23 

r” 
LJJ 

(41 

(51 

(6) 

measurement 

the surface 

the site; 

measurement 

of extelal gamma radiation levels at 1 m above 

throughout each building, and outdoors throughout 

of fixed and transferable alpha and beta ccnram- 

inaticn levels on walls, ceilings, floors, and supports 

throughout each build’ing; 

neasurement of beta-gamma dose rates at 1 an from surfaces 

throughout the buildings and outdoors throughout the site; 

measurement of 226R, 
, 

238,, 
, 

23Zn 
, 

md 227 AC (and, in a 

few cases, 250 2) in soil samples taken inside buildings and 

outdoors on the site; 

measurement of 230Th f 226Ra J and 210Pb in wate r samples taken 

from Coldwater Creek near the site; and 

measurement of radon and progeny in air in the buildings on 

the site. 

. . .--.- ~~~ I_ 
,--. .^ -* I ._,. ~ .--.. --- 
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"Contamination," as used in this report, refers to radioactive 

i-a.-& ---avials either on or below surfaces, whether fixed or removable. Survey 

meter readings made on SL lrfaces are used to estimate the level of total 

surface contamination, while standard smear techniques are used to 

estimate t'he levels of transferable contamination. 

c;I a 

wall 

SURVEY METHODS 

Throughout this re?crt, the term "lower wall" refers to the surface 

xail up to a height of 6 ft, and "'overhead surfaces" include 

surfaces above 6 ft. A "survey block" Is a rectangular subsection 

of some large area to be sumeyed, either indoors or outdoors. Survey 

blocks are normally formed by mutually peqendicular sets of "grid 

lines," and the intersection of these lines (that is, the corners of the 

sur?ey blocks) are referred to as "grid points." 

Floors and lower walls of the buildings on this site (except for 

Building 4) were divided into survey blocks using grid lines parallel 

to the baes of the walls. The survey blocks used in Building 1 measured 

20 ft x 20 ft on the floor and 20 ft x 6 ft on the lower walls (see Figs. 

3 througii 6); those in Building 2 measured 20 ft x 17 ft on the floor and 

20 ft x 6 ft on the lower walls (see Figs. 7 through 10); and those in 

Building 3 measured 7 ft x 7 ft on the floor and 7 ft x 6 ft on the lower 

walls (see Figs. 11 and 12). Also, the outdoor tea on the site was 

divided into 50 ft x 50 ft smey blocks using two sets of grid lines, 

one parallel and the ether peTendicular to a base line which had been 

Ron by a surveying copany (see Figs. 1 and 2). Readings in Building 4 

were taken at uniformly spaced, randomly selected points (see Figs. 15 

and 14). 

___ -- 
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'ieasurement of Alpha Contamination Levels in Buildings 

Direct measurements of alpha contamination leveis were made on floor, 

Wall, and ceiling surfaces throughout the buildings (except for dirt floors 

in Buildings 1 and 2) using aloha scintillation survey meters described - 

in .iTpendix I, Grid point readings and maximum observed readings for 

surJey blocks were recorded; and for areas not di\*ided inrc survey 

blc:ks, readings uere taken and recorded at nearly uniformly spaced 

pcLzlts. The alpha survey meters were equipped with scalers which allow 

i-‘Tb” . ,graticn of counts over various time intenals, Teznitting direct 

alpha measurements on surfaces with low-level aipha contamination. If 

counts are integrated over a period of 60 set, the count rate error- 

associated hith a direct reading of 300 dpm/lOO cm2 is 2 30% for this 

Lnstrment, and the count rate error associated with a direct reading of 

130 *m/100 cm2 is i SO%. 

For the measurement of transferable alpha contamination levels, 

smear samples were taken, using standard smear tec'hniques described in 

Appendix III, at many of the points at which direct alpha readings were 

taken. ?"ne smears were counted using the alpha smear counter shown in 

Appendix I. The count rate errors associated with transferable aloha 

mezsuremenfs reported in this document are i 30% or less. It should be 

pointed out that indeterminable e,, -crs are introduced in taking smear 

s-les because of some variation in pressure applied, in the condition 

Of the surface , and in surface area covered. 

Unless othe>ise specified, errors reported in this document refer to 
the 68% - confidence level. 

-- “,., . 
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Measurement ci Eeta-Gamma Dose Rates and 
'Tansferabie I& Beta Contamination Levels in Buildings 

Beta-gamma dose rates were measured at 1 cm from the fiOCr, wall, 

ant ceiling surfaces in the buildings, using Geiger-Muller survey meters 

described In Appendix I. In Buildings 1 and 2, readings were taken at 

* eacn 0 f the grid points on the floors and lower walls and at the ooint a 
. .; n, t::in ea c 5 floor survey biOCk showing the highest external gamma level 

at i m (as measured with the gamma scintillation snme)- meter described 

latar) I . - The survey blocks in Building 3 were considerably smaller, and 

eat:? block was scanned with a G-M mefer to determine the maximum beta- 

gaza acse rate. On all overhead su-’ &-aces in the buildings (including 

walls above 6 ft) and throughout Building 4, beta-gamma dose rates were 

meas-ted at a sufficient number of uniformly spaced points to obtain 

representative data. 

me G-M meters (with open-window probe) were calibrated at 0R.L by 

comparison with a Victcreen Model 440 ionization chamber (see Appendix I), 

and a conversion factor of 2000 corn = 1 mrad/hr was determined using 

materials contaminated with 226 Ra in approximate equilibrium with 23gU . 

At normal background levels, the G-M meter usually shows readings less 

than O-05 mrad/hr (100 cpm) and averaging aTproximately 0.02 mrad/hr. 

It should be pointed cut that readings within the range of normal back- 

ground cannot be accurately reproduced on the G-M meter. For higher 

individrral measurements it appears that, in extreme cases, the absolute 

error involved in using this conversion factor (2000 cum = 1 mrad/*nr! 
- 

may be 60% or more. However, the absolute error invol-/ed in determining 
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23 average beta-gam2 dose rate for a lzrge, contaminated surface, such 

25 a floor or wall, anpears to be no . 

Beta radiation cannot penetrate 

higher than 15%. 

the closed window on the G-M probe; 

hence, gamma radiation levels can be measured sith the window closed. 

The conversion sactor for gamma radiation is 3200 c?m = 1 mR/h.r. This 

factor was determined at ORAL using a 22 0 Ra source. .A significant 
. . -- a---arence in the open-window e-i -A and closed-window readings on the G-X 

meter at some point indicates the presence of beta-emitting surface 

confaknation, 

miliizneters of 

The smear 

counters shown 

since most beta particles can penetrate only a few 

dense marerials. 

saqles described earlier were counted, using beta smear 

in Appendix I, for the determination of transferable beta 

contam:nat10n levels. The error associated with measurement of transfer- 

able beta contamination is discussed in Appendix I. 

Xeasurement of External Gamma Radiation Levels in the Buildings 

Tiiree types of instruments were used to measure external gamma 

radiation levels at 1 m above the surface on *this site: (1) G-M meters 

described earlier; (2) a scaler-equipped G-M counter described in ref. 

2; and (S} XaI scintillation meters described in Appendix I. The G-M 

meters are equipped with ratemeters which show instantaneous gamma 

radiation levels when the probe window is closed. Since these raremeters 

are unreliable for radiation levels within the range of normal background, 

the sctier-equimed G-M counters were used to measure low-level gamma -A 

radiation, The NaI scintiliation meters are exrremely sensitive and 

were used on this site to locate contaminated areas, as well as to 
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locate ?Ci"ts ;;izhin survey blocks showing mzximum external gamma levels. 

However, since the response of the NaI scintillation meter is highly 

energy dependent, actual measurements of external gamma radiation were 

made only with the two types of G-M instruments described earlier. 

In Buiidings 1 and 2, external gamma levels 2t 1 m above the floor 

were zezsured it each of t'ne grid points. In addition, the maximum 

exterial gamma radiation level at 1 m was determined within alternate 

scr,-ex -? squares in Building 1 and in each survey square in Building 2. 

in Scilclngs 5 and 4, external g2rnma levels at 1 m were measured at 

randomly selected points, and in each of these buildings, a scan was 

mzde with the gamma scintillation meter to insure that the measurements 

had been representative for the building. 

Measurement of Radon and Progeny in Air in t'ne Buildings 

Continuous 24-'hr measurements of radon concentrations in air were 

made in Buildings 1, 2, 3, and 4 using an instrument developed by Wrenn, 

et al-, 3 and referred to as a Wrenn chamber. This instrument, described 

in Appendix II, wa attached to a printer which recorded automatically 

the radon concentrations at intervals of 2000 sec. Because some radon 

and progeny from previous ZOOO-set intenals remain in the Wrenn chamber, 

each reading actually represents a concentration which has, effectively, 

been integrated over a period of 2 to 4 hr. 

For the measurement of radon daughter concentrations in air in 

Buildings 1 and 2, air was pumped for 5 to 10 min at approximately 12 

liters ?er min through a membrane filter with a maximum pore size of 0.4 

7 'rrl -. The filter was counted using an alpha spectrometry technique described 

in .Qpendix II. 
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Sleasurements of External G-2 Radiation Levels at 1 m and 
Bet2- Gamma Dose Rates at 1 cm frcm the Surface Outdoors 

At each of the grid points shown in Zig. 1, the beta-gamma dose 

rate was measured with an open-window. G-PI meter at 1 cm from the surface, 

ad the extem al gamma level was measured at 1 m a'bcve the surface with 

one oL c the G-M meters described earlier. Then each sun'ey block was 

s camel with a XaI scintillation meter to determine the point showing 

the czx~dum external par112 level, and t'ne beta-gamma dose rate was 

measured at 1 cm above that point with a G-M meter. 

Determination of Radionuclide Concentrations in Soil and Water 

Surface soil saqles were taken from the dirt f?oors in Buildings 1 

and 2, from a small open dirt area in Buildtig 3, and outdoors at 

intervals of lS0 ft or less; locations are shown in Fig. 15. hlost 

samples were taken at randomly chosen locations; however, some sampling 

locations were chosen because of elevated radiation leveis at those 

points. Core holes were drilled with a manually operated splir-spoon 

sampier at indoor and outdoor locations (usually chosen at random) shown 

in Fig. 16, and soil samples were taken from these core holes at depths 

of 0 to 2 ft. In addition, samples of scale and building materials were 

taken from the interior surfaces of the buildings. All samples of soil 

and building materials were dried for 24 hr at l?O"C and then puiverlced 

to a particle size no greater than 500 um in diameter (-25 mesh). 

Aliouots from each sample were transferred to pi2SfiC bottles, weighed, 

and counted using a Ge(Li) detecror and a multichannel analyzer. The 

spectra obtained were analyzed by com;ruter techniques. A description of 
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the Ge (Li) detector and soil counting techniques is given in .\ppendLx 

7-r 
?‘6 138 23” 227 A-*. Concentrations of -- Ra, U, T'h, and AC in the samples 

were determined. 

A barrel containing a radioactive residue was found in the sout:hwest 

comer of - &he property. The barrel was taken to OWL, where samples of 

- i ,.;e ___- yaci A7~e weye 222iyzed for 250TF 228, 
'A, iii, 23Zm 25ip2 227.Ac 

> , , 2nd 
')? A-: 4 ?a by the Aidytic2i Chemistry Division using radiochemical techniaues 

described in appendices to the OWL Master Manual. 

ivzrer sampies were taken at a point on the socthem end of the site 

where drainage from the site Sows into the nearby Coldwater Creek, and 

at a point downstream about 2 miles from this point. A third sample was 

taken on tlhe northern end of the site at the point near Latty Avenue 

where drainage flows into a SiOED sewer. The water and sediment were 

analyze3 for 2303 
'2 

226Ra 
, 

md 210 Pb by the Analytical Chemistry Division 

of ORYL, using the radiochemical techniques mentioned above. 

Background Measurements 

Background external gamma radiation levels at 1 a above the ground 

were measured at 4 points within 4 miles of the site. The measurements 

ranged from 7 to 9 uR/hr. Soil samples iaken at the same points con- 

tained, on the average, 1-S pCi 226 Ra/g and 1.2 pCi 232rh/g. The average 

concentration of "%I in these samples was 1.2 pCi/g. 

Background beta-gamma dose rates, as measured with the G-M meters 

us et on the site, t)pically average approximately 0.02 mrad/hr. However, 

.--- 1~ .* -- -I_- 
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if 2oted earlier, rezdinps 2t this level cznnot be accurzte!y reproduced 

on the G-M meter. Background direct alpha readings for the -Fe of 

2!3ha meter used on Chis sire are negligible. 

Ail direct meter readings reported in this document represent gross 

rezdings; SackgroCnd radiation levels have not been subtracted. Sir~ilarly, 

32ckground levels have not been subtracted from radionuclide concentr2tiozs 

measured in environmental samples and building materials. For the 

measurement of transferable 2lTha 2nd beta contamination levels, zverage 

background counts were determined for the smear counters (at the Tlace 

of counting), and these background counts were subtracted from gross 

counts. 

GUIDELIXES USED TO EVALUATE RESULTS 

Guidelines used in this document to evaluate d2*~ from the sumey 

2ie provided in Appendix IV. Sotie of these guidelines are discussed 

briefly in this section. 

Surface contamination levels measured on the site are compared in 

this report with NRC guidelines for release of property for unrestricted 

use. For surfaces contaminated with alpha emitters, strictest limits 

apply to a group of radionuclides including ‘?5& and 23073, two of 

the principal contaminants on this site. The average and maximum* limits 

for direct measurements of alpha contamination levels on surfaces contam- 

inated with these radionuclides are 100 dpm/lOO cm2 and SO0 dpm/lOO cm2, 

respectively, and trznsferzble alpha contamination should not exceed 

20 d?m/lOO cm'. Strictest NRC guidelines for beta emitters 231~ to 2 

grcur, of radionuclides including 227 
AC, w'nich was also found to be in 

r?ieasrrremexs may not be brought below limits by averaging over more 
rh2n 1 I$. The maxa level applies to an area of not more than 100 cm'. 

- I -I __ 
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2’z,~t~~ce on - . . I this site. Trasferable beta contamination levels for sur- 

f- -=< -CL-- 'nated with 22'.~c shouid not cc”--“- ..LCr- exceed 20 dpmjlO0 cm2, and, 

=egxtless ci the contaminant, average and maximum beta-gamma dose rates 

she-~12 not exceed 0.20 mrad/hr and 1.0 mrad/fir, respectively. 

‘;??ere 2=-e several guideiines for external gamma radiation given in 

.- 7-1. 
Axmtl;; pi . he is the - _ figure 500 mrem/yezr for maximum exposure to an 

FAivikal in the populztion, recommended by the international Commission 

0;: TRaLoiogica! Protection (ICRP) and the National Council on Radiation 

hotecrion (SCR?), . A 2nd stated in 10 CRF 20. Another is t’ne Environmental 

Protection Agency’s (EP A) recently adopted limit of 25 mremlyear for 211 

?h2ses of the uranium fuel cycle. Finally, there is the Surgeon General's 

fL,cre of 50 -dR/hr for exposure over the background level, above which 

yeaedial acxion wzs suggested in the Grand Junction, Colorado, situation. 

Since this site is being prepared for use as a small industry, it seems 

~ezsoz2ble to 2ssixme that no individual will be on the site more than 

2 5 0 3 hr each year. Assuming an expOSUie time of 2500 hr per year, a 

gamma raalaL, "-+oT? level of more than 18 uR/hr (10 ~R/hr plus the average 

backgrand level of 8 gR/hr) would pureed the EPA recommendation, and a 

level Of IDOie than 208 uR/hr would exceed the ICRP recommendation. t 
Furthermore, an external gamma level of more than 58 uR/hr would exceed 

the SCigWn General's g&llefiaes. 

SURVEY RESULTS 

Measurement of Alpha and Beta-Gamma Contamination anl 
and External Gamma Radiation Levels in Buildings 

Ij..G 7 >ZW, 
--l-LI*I; i 

Tris s;="Jcf‘iie measures 120 ft x 100 ft and h2s 2 30-2 ceiling. 

At t?. ‘e tke Oi * this sumyey, the floor of the building ~42s comF?sed of 



14 

;;,- 
..** - FT;C ‘+2.x ST- b.. concrete, and there were openings along the walls (Ln- 

clr;i.‘- c -d-j s?a=es fcr 53 k-indows) totaling approximately 2500 ft2. This 

ykiG& Las used at one time for drying and otherwise preparing radicactive 

-sac; &-;es f=r - --* sYA?ment . 

xe,qlts of beta-gamma dose rate measurements in Building 1 are 

gi-**en in Figs. 3 and 4, and in Tabie 1. Highest contamination levels 

xere zezsL--* CT: A”C the dirt floor and on a horizontal steel ledge approxi- 

2atelv L. 5 . ft above the floor. Bets-gamma dose rates at 1 cm from the 

surface exceeded 0.20 mrad/hr over mos t points of measurement on the 

=^iocr, *;a:?, and ceiling surfaces and were as high as 2.4 mradlizr at 1 

3 ajove the dirt floor. The percentage of the dose rates attributable 

to beta radiation varied between zero and 80 on the floor and lower 

valls but k-as near zero at most points on overhead surfaces. On the 

lower walis f transferable beta contamination levels averaged 45 dpm/lOO 
3 

cm * and were as high as 250 dpm!100 cm= on the horizontal steel ledge 

nenti~nti above (see Table 2). On overhead surfaces, transferabie beta 

ccnt7”ination levels averaged 15 dpmilO0 cm2 but were as high as 200 

dps/lOO ck2 (Table 2). A general note should be made for surfaces where 

rransferab 1 e beta contamination was measured. Contamination on a smear 

sample may not represent quantitatively the transferable component on 

the s-&ace. Many smears were taken on surfaces where dust had accumulated 

to a thickness of 0.5 to 1 aIi. 

Direct alpha measurements on wall and ceiling surfaces ir, Building 

1 generally exceeded 500 dpm/lOO cm2 (see Fig. 4 and Table 1) and were 

as high as 18,000 dom/lOO cm2 on the steel ledge on the lower wall. 

- - -  . I  , - -  ^ .  



i\; ..pcc -w-w c aiF:'12 read;ngs were taken at approximately 5 cm above the dirt 

Tiocr at a fek points; these readings exceeded 5,000 don/100 cm2 at 

soze poist s and Trobably resulTed from the emanation of 222 Rn 219Rn 
, , 

and possibly 220iir i. Transferabie alpha contamination levels on the 

ualls and ceiling were generaliy higher than transferable beta levels; 
. 

trars ferzb 1 e alpha ccnrznination levels averaged 115 dpm/!OO cm’ on the 

1 (-Jker walls 2nd 55 dp/ 100 Cm2 on overhead surfaces (Tabie 2j. 

External gamma radiation levels at 1 m  above the f;ocr of Building 

1 xere generally in the range of 100 to 500 lJR/hr (see Figs. 5 and 6j. 

T;?e average external gamma level at 1 m  (based on grid point measure- 

ments) w2s a?_croxtiately 190 uR/‘hr . 

Building 2 

Tiiis stncture measures 60 ft x 

and a dirt and gravel floor. kt the 

had uncovered door, wall, and window 

c 2 rt . The former 

Results for 

use of this building is uncertain. 

beta-gamma dose rates measured in Building 2 are presented 

50 ft and has a 25 to SO-ft ceiling 

time of the sumey, the building 

openings totaling approximately 500 

in Figs. 7 and 8, and Table 1. Beta-gamma dose rates at 1 cm from the 

surface were generally lower than in Buiiding 1 but exceeded 0.20 m rad/hr 

in some areas of 1 m2 or more on the floor. The fraction of the beta- 

g;;ina dose rate attributable to beta radiation was near zero at most 

points but was as high as 80% on the floor and 60% on the upper surfaces. 

Trzxferable beta contamination levels exceeded 20 dpm/lOO cm2 at several 

I;oints on the lower walls and at a few overhead points (Table 2). The 

maximum transferable beta contamination ievei measured w2s 110 dpm/lOO 
1 e CT; , on a steel ledge on the lower wall. 
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Direct measurements of ai?ha contamination levels on the walls and 

ceilings exceeded ZOO 

2600 dpm/l30 cm2 (see 

1 evels tiere generally 

dpm/lOO cm2 in several places and were as high as 

Fig. 8 and Table 1) . Maxbum alpha contamination 

measured on horizontal steel beams. ‘IYansferab 1 e 
? 

alpha contamination levels exceeded 20 dpm/iOO cm’ at most points of 

3ea=--pe7ier.t -w- . OE the 1 ower walls and at some points on overhead surfaces. 

The maximum transferable alpha level measured in the &Aiding was 210 

dpml i 00 cm2 (see Table 2); t-his smear sample was taken on a steel beam 

on an upper wall. 

External gamma measurements at 1 m above the floor (Figs. 9 and 10) 

generally ranged from 40 to 105 ~Rjhr. It appeared that high gamma 

radiation levels outside the building were responsible for p2r~ (but not 

ail) of the eievated beta-gamma dose rates and external gamma radiation 

levels inside the st~cture. 

Building 3 

?“r,is structure measures 42 ft x 28 ft and has a 15- to 20-ft ceiling 
. 

and a concrete floor. It is referred to in an NRC report’ as a “garage.” 

Beta-gamma dose rate measurements for Building 3 are reported in 

Fig. 11 and Table 1. At 1 cm from interior surfaces, beta-gamma dose 

rates did not exceed 0.18 mrad/hr except in the open dirt on the floor 

in t;he nozhwest corner of the building, where a maximum measurement of 

O-40 mrad/hr (principally beta radiation) was recorded. Transferable 

beta radiation levels averaged 30 dpm/lOO cm2 on the fioor and 20 dpm/lOO 

cm2 on the lower walls (Table 2). 
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Direct measurements of alpha contamination ievels exceeded 300 

63f,ll35 cm2 at points in each of the suFVrey biocks on the floor and 

laxer L;alls (see Fig. 11). On overhead surfaces, direct alpha measure- 

ments averaged 50 d?m/lOO cm2 (Table i), and only 1 of 16 overhead 

measurements exceeded 3 00 dpm/ LOO cm2 ; this reading was taken on a 

h0ri:Or.t al steel beam above the northern entrance. Pans ferab 1 e alpha 

cont=?lnatior. levels averaged 95 d?m/lOO cm2 on the floor and 50 dpm/iOO 
2 c3 cn the lower walls (Table 2). However, smear samples taken on vertical 

s-drfaces of the walls, (that is, not on beams and ledges) generally 

showed less than 20 alpha dpm/lOO cm2. 

External gamma radiation levels measured at 1 m above the floor 

r2nged from 30 to 55 uR/hr (see Fig. 12). These elevated readings are 

probably attributable chiefly (but not completely) to contamination out- 

side the building. 

Building 4 

This small strucrclle (56 ft x 20 ft) ~2s partially destroyed in a 

fire and wzs undergoing extensive construction modifications at the 

time of the survey, particul 21-1~ on the walls and ceiling. The building 

has a concrete floor. According to an NRC report ,I this structt;re once 

served as an office building. 

Radiation levels in BuLlding 4 were generally 

contamination on the concrete floor. Direct alpha 
7 

low except for alpha 

measurements on the 

floor were in the range of 50 to 530 dpm/lOO cm& (see Fig. 13)) and 

transferable alpha contamination ievels were 2s high as 60 d?m/lOO cm2 

(Table 2). It zppeared that the elevated alpha readings were being 
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Froduced at least in part by soil brought into the building on shoes, 

Exte=-Ilal gaamz measurements at 1 m were in the TarAge 11 to 16 uR/hr 

{Fig. 14). 

Measurements of Beta-Gamma Dose Rates at 1 cm and External 
Gamma Radiation Levels at 1 m Above Surfaces Outdoors 

IIeasurements of beta-ganna dose rates at 1 cm above the grid Taints 

outdoors are presented in Fig. 17. T”ne sur\rey biocks showing beta-gamma 

dose rates greater than 0 -20 mradlhr at sane point are shown in Fig. 18, 

alcng with the maximum observed dose rate for each of these biock~. Beta- 

gamma dose rates ranged from O-20 mrti/hr to 5.0 mrad/hr over an estimated 

30% of the surface area outdoors on t’ne property, Based on measurements 

at g-rid pcints, the average beta-g-a dose rate outdoors on the site at 

1 cm above the ground was approximately 0.25 mrad/hr. 

External gamma measurements at 1 m above grid points outdoors on 

the si;e are given in Fig. 19. A radiation intensity profile for ihe 

outdoor area on the site is shown in Fig. 20. This profile reflects 

only average external gamma radiation levels at 1 m for the areas in- 

dicated and should not be interpreted as showing point-by-point radiaiicn 

levels. 

External gamma radiation levels at 1 m outdoors were as high as 

500 YdR/hr and exceeded 50 uR/hr over most of the property. The average 

external gamma radiation level at 1 m on the entire property, based on 

a11 grid-poin t measurements, was approximately 110 uR/hr. 

- .w ..^ -. .I- -- 
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Resul ts  o f S o l ?  S a m p l e  Ana l yses  

S n r fa c e  a n d  subsur face  s a m p l e s  ta k e n  f rom t:? e  floo r  o f Bu i l d ing  1  

( see  Tab les  3  a n d  4  a n d  Figs.  1 S  a n d  16 )  c o n ta i n e d  u p  to  5 3 0  pC i  2 2 6  
R a /g , 

u p  to  8 6 0  ?C i  2 3 8  U /g , a n d  u p  to  7 0 0  pC i  2 2 7  
xc/g. It a p p e a r s  f rom the  

cor ings  th a t th e  c o n ta m i n a te d  soi l  in  Bu i l d ing  1  ex tends  to  a  d e a th  o f . 
-a  L = -  least  1 8  in. in  s o m e  p laces;  h o w e v e r , t‘tle  rad ionuc l ide  concenr rz r ions  

b e l o w  5  in. a t n o s t p o i n ts a p p e a r  to  b e  s igni f icant ly  i ower  th a n  th o s e  

f rom 0  to  6  in. H o l e  C 1 3 , wh ich  w a s  dr i l led a t a  p o i n t n e a r  th e  wal l  

w :? e r e  th e  dirt  floo r  w a s  h ighe r  th a n  th e  n e a r b y  a r e a , s h o w e d  near ly  , 

un i fo rm 2 2 6  R a  c o n ta m i n a tio n  ( f rom 1 4 0  to  2 4 0  pCi /  2 2 6  
W g l f rom 0  to  1 8  

in., a n d  th e r e  w a s  a n  in ter face b e tween  c o n ta m i n a te d  soi l  a n d  re la i ive l )  

c l ean  soi l  a t ayprox ima ie ly  1 8  in. It is es t imated  

in  rab ies  S  a n d  4  th a t th e  to p  6  in. o f soi l  o n  th e  

h a s  a n  a v e r a g e  2 2 6  R a  c o n c e n trat ion o f a p p r o x i m a te ly  

f rom th e  resul ts  

floo r  in  Bu i l d ing  1  

2 0 0  pCi /g  a n d  th a t i he  

soi l  f ro12 6  in. to  2  ft b e l o w  th e  sur face h a s  a n  a v e r a g e  2 2 6  R a  concen -  

t rat ion o f 5 0  pCi /g  o r  less. 

S a m p les w e r e  z & e n  a t d e p ths  o f 0  to  2  ft f rom two co re  ho les  in  

Bu i l d ing  2 , a n d  

Tab les  2  a n d  4 , 

F L g . S j s h o w e d  

th r e e  sur face s a m p l e s  w e r e  ta k e n  in  th is  bu i ld ing  (see  

a n d  Figs.  1 5  a n d  16) .  L o c a tio n  S 3 7  ( ind ica ted in  

h ighe r  b e ta - g a m m a  c o n ta m i n a tio n  leve ls  th a n  th e  rest o f 
7 ? L  

th e  flo o r , a n d  a  sur face s a m p l e  ta k e n  th e r e  s h o w e d  8 0  pC i  & & " R a /g , 8 4  

pc i  2 3 8 U /g , a n d  4 7  pc i  2 2 'A c /g . Ii is es t ima ied  f rom sur face a n d  co re  

h o l e  s a m p l e s  th a t i he  to p  6  in. o f soi l  in  Bu i l d ing  2  con ia ins  a n  a v e r a g e  
2 2 5  R a  c o n c e n trat ion cf a p p r o x i m a te ly  3 0  pCi/g.  Lit t le c o n ta m i n a tio n  

was  fo u n d  b e i o w  6  in. in  th e  two co re  ho ies  (see  Tab ie  4).  A  s a m p l e  

..-.-_I .__ __ -  
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0: lirt and scale taken from a ledge near t'ne ceiling in Building 2 

ccntained 5SO ?Ci 226 Ra/g, 566 pci 'j8u/g, _ 590 oCi 227.~C/g, and 7 pCi 

?j2y-p/g. 

x surface soil saqie taken from the open dirt on the floor in the 

northwest corner of Building 3 (S38) showed 82 pCi 226Ra/g, 5.1 pCi 
7TE '"c.:, 337 

-,g, and i20 pCi -- AC/g. A sanple of dirt 2nd scale tzken fr3m 2 

ledge in this building showed 80 pCi 226Ra/g. 

SOii sample analyses for outdoor surface sqles are reported in 

Tab*;e j* , locations are shown in Fig. 15. Unsurprisingly, the concen- 

tration of 
736 
-* Ra in surface samples follows the same general pattern as 

ihat for external gamma radiation shown in Fig. 20. The sampling !OCatiOnS 

S7 through S34 (among others) were chosen independently of radiation 

levels, and average conditions at these 28 locations should be regresentative 

Of average conditions for the entire site. Radium-226 concentrations in 

surface samples from these Toinis averaged approximately 140 pCi 226Ra. 

(ne average external gamma level at 1 m at the same grid points was 125 

~R/hr , as compared.with an average of 110 ?dR/hr for all outdoor grid 
226 7” 

points on the site,) Conceniraiions of Ra up i0 2700 pCi/g, -58u up 

to 210,000 pCi/g, and 227 AC up to 1300 pCi/g were found in outdoor 
238 

surface samples. The sample containing 210,000 pCi u/g (MO% 258U by 

weight) wzs composed of several pieces of yellow material found at 

location S49 shown in Fig. 15~. It is interesting to note that dirt 
. 

scraped from the boots of a srtveyor w'no haa walked in the area shown in 

Fig. 2 (including inside the buildings) showed 120 pCi 226Ra/g, which is 

close to the estimated average for topsoil on the site. This sample 

zlso showed 110 pCi 22TXc, g (see Table 3, sample S48). 

- . . -  ._ 
, . . ,  . I  

- -  
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%oies were cored to 2 ae?rh or - " 7 ft or less at the outdoor locations 

s;hoi+z Lr, Fig. 16. kaiyses of samples taken from these core holes are 

reported in Table 4. .U in Buildings 1 and 2, the coniaminated soil 

ourdoors amears -- to be near the surface in most places, although con- 

zzir=atior extends to a depth of at ieaSt 2 ft at some points. In 

TartlcAar, a: location C5 (Fig. 1611, the concentrations of 
226R2, 238u, 

e-m 
aTIc -s. AC a.t z de?t:? of 18 to 24 in. were 49 pCi,'g, 150 pCi/'g, and 3i 

pCi/g, respectively, Core hole C5 was located in an area which has been 

c-i t-:\-at et . 1:: recent years, and any contaminated materiais which may 

have been on the surface are probably now distributed in the to? foot or 

two of soil. 

X barrel was found in the southwest corner of the property between 

g-rid points F19 and Gl?- X sample taken from the barrel and two surface 

saqles taker; on the site were analyzed for 2jOn, 22eTh, 232Th, 231pa, 

22’: 
xc, and 

226 Ra by the Analytical Chemistry Division of OWL, using 

radiochemical tec?iiiques. Resulis for these samples are reported in 

Table 5, The most abundant radionuclide found in the barrel sample was 

2jqn. , the concentration of this radionuclide was 90,000 pCi/g. The 

surface samples taken at locations S45 and SO7 (Fig. 15) also showed 

high concentr ations (18,000 and 36,000 pCi/g, respectively) of 
230Th . 

Results of Water and Sediment Analyses 

Results of analyses of water and sediment samples taken from a 

drainage path on the site and from Colduater Creek near the site are 

reTorted in Table 6. The concentrations of 210pb, 226Ra, and 230n in 

the water sacpies were well beiow the maximum permissible concentration 

-. 



,clides listed in 10 CFR 20, Appendix B, and in ERD.~ !lanual Chapter 0524, 

Amex A. However, the presence of eievated concentrations of 210 Pb, 

"%I, and/or 226 Ra in sediment filtered from the two water samples 

taken from drainage ai the boundary of the property indicates that some 

contamination is being transported from the property in water run-off. 

Radon and Radon Daughter Measurements in Buildings 1, 2, 5, and 4 

There are three radon isotopes produced in nature: "'Rx (radon), 

220 Rn (thoron), and 219 Rn (actinon). Radon-222 is in the 238 U (and 226R2j 

c'nain 220 
, Rn is in the "'Th chain, and 2i9 Rn is in the 

=jj 
U (2nd 22'.k) 

chain. On sites where uranium-bearing materials have been Trocessed or 

stored, the concentrations of 220 Rn and 21gRn in air in buildings are 
?77 

usually negligible compared with concentrations of "?%I, and most methods 

used for measuring concentrations of 222F!n and 222Rn daughters are 

invaiid, if significant concentrations of 220Rn 2nd 219 Rn 2re present. 

Xi the Lzcy Avenue site, not only are all three isotopes Tresent, but 

C. 219 dne Rn isotope appears to be dominant in Building 1 and possibly in 

Buildings 2 and 3. The mean life of 
219 Rn is short (5.i6 set) compared 

to 222Rx (5.5 days). ‘Therefore 2"Rn which reaches the atmosphere in 

2x-l air-over-contaminated ground gemoetry probably originates in the top 

millimeter of soil whereas 222 Rn in the air can originate from the 

maximum depth of contamination (in this case approximately 450 mm). 

Hence many more atoms of 
222 Rn will escape from the soil than atoms 

of .219 Sn, and consequently, the concentration of 
222 Rn in air may be 2 

c 219 
or 5 orders of magnizade 'nigher than that CI Rrl. On the other hand, 

. c; the specxAc acti\-iry of 219 Rn is 8.4 x 104 greater than 
339 

thar for -T?.n 
219 

and probably accounts for the observed dominance of Rn daughters. 

. 
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Air s2mples k‘ere taken in a;1 four buildings on this site. Filters 

,'+** ' for collecting yarticulates were counted in an alpha counter and be WC 

;~.Lses were so- -ted 2nd stored in one half of a 1024 channel pulse height 

aa?]-rer (see Appendix II). The data corresponding to 

2nd Rzdium C’ activity are evaluated using 2 technique 

Generally, results 2re given for The concentrations of 

obsemed Radium A 
.a 

refined by Kerr.* 

M, RaS, R2C, 

2Tlc ' .<orking levels (b'L); however, the presence of daughters of thoron or 

~ctkicn creates interference and h-ii1 yield erronenous estimates of 

these concentrations. 

A typic21 radon daughter alpha spectrum is presented in Fig. Ii. 

This spectrum was obtained by counting a szuuple taken from 2 radon source 

chamber used for instrument calibratiqn. Radium A (6.05 Me\! a) is seen 

to reside between chznnels 280 2nd 305. Likewise, the 7.69 MeV alpha 

for R2C' is found betweeen chzTlnels 575 2nd 395, In contrast to 

this s?ectrron is the one presented in Fig. 22, for 2 sample taken in 

Sullding i. In this case it is seen that virtually ail of the activity 

Is due to Actinium C, which has a 6.28 MeV 

293 and 312, and a 6.62 MeV alpha residing 

Sirzii2r spectr 2 were observed in 3uildings 

23 through 25. 

alpha residing between c'hannels 

between channels 315 2nd 333. 

7 5, -, and 4 2s seen in Figs. 

In Buildings 2 2nd 3, most of the activity may be attributed to 

actinium daughters. In Building 4, however, the predominate activity is 

cue to radon da-ughters. During the period September 20 through 22, 

2 total of 10 air samples were collected in Building 4 in order to . 

evaluate the concentration of radon daughters. The maxiimzn observed 

radon dzughter concentration was C,OOS working ievels and the average 

concentr2tion was 0.003 $i/liter. It apTears from data in Figs. 22 

. .-._ ~- _ -- 
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-‘“vr..?‘̂  ‘C 
-.- “‘5.. -w kat the concentrztion of thoron daughters is insignificant 

coxJ2-ad -” to daughters of radon and actinon. This is consistent with the - 

fact r5.2: the quantity of 252 ih on the s; ,te is small compared with that 

226 *-- 
cf Ra 2nd ‘LsAC. 

i .le cotcentrttion oi 211 Ei in Building 1 w2s estimated from alpha 

3ectrczetrv to be as high 2s ;O $:/liter. The fraction of equiliiirium 

'=etiieeTl 
lil,. 219 

21 23 d 217 in the air sample showing this concenzrztion is 

Mersurements of 222 Rn concentrations in air in the buildings are 

reported in Table 7. These measurements were made with Wrenn chambers, 

which are covered with foam-rubber screens to filter radon daughters in 

2ir. The 
,. . 

rtion difruslon rate into the chamber is of the order of 30 

rin , w;-iich is long enough to remove the short-lived 219 
Rn almost completely; 

the laughter5 of 219 Rn would be left in the foam rubber. Also, the 

contriburioc of 
220 Rn to the Krenn chamber measxements should be small, 

since -t:here were only small quantities of this isotope present, and much 

of that present would be eliminated by decay in the foam-rubber cover. 

Conswuentl~’ ., it is thought that the accuracy of the 222 Rn measurements . 

given in Table 7 was not decreased substantially by the presence of 

220b and 219 FL? in the buildings. 

M.ZAILE measured concentrations of 
22’ Tn in air in Buildings 1, 2, 

5, anti 4 were 57 pCi/lirer, 7 pCi/liter, 1 pCi/liter, and 5.8 pCi/liter, 

respectively. Buildings 1, 2, and 3 are open, and it is expected that 

22’ X concentrations in these structures would be substantially higher 
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; I 222 -- the buildings were closed. bf2xiimm Rn concentrations in Buildings 

: 7 
-, -, ad 4 exceeded the mzuimum permissible concentration for nonoccupa- - 
tional eqosure, 5.0 nCi/liter, stated in 10 CFR 20. Furthermore, since 

e i evat ed 226 
ii2 concentrations were found in samples taken from ledges 

and open dirt in Building 3, it is 
c 

oyunlikely that 333 
the "'Rn concen- 

--zy0-J in zypt b-u structure would exceed 5.0 pCi/iiter if the building 

were closed. 

Strictest NRC guidelines for the release of pronerty for unrestricted * 

use 2ppi:. to surfaces contaminated with 226Ra 230 
, Tn, and 227Ac, among 

other nuclides. X11 tlhree radionuclides were found to be in abundance 

on this site. It is estimated from soil analyses that the top 3 in. of 

soil outdoors on the property has an average 226 Ra concentration of 

a?proxtiately 140 pCi/g, and the activity of 221 Ac in many samples was 

2s high or higher than the activity of 226R2 . Two surface samples taken 

outdoors on the property showed 230 Th concentrations of 18,000 pCi/g and 

36,000 pCi/g, and a sample of material taken from a barrel fo-und on the 

property showed 2 
230 Th concentration of 90,000 pCi/g. One outdoor 

surface sample was approximately 60% 238 U by weight; this and other 

sqles taken from the site contained quantities of 238 U exceeding the 

ieVel (0.05% by weight) * requiring 2 source material license. ' It appears 

that most of the radioactive wastes outdoors and in Baildings i and 2 

lie in the top I ft or less of soil, although some sqling points showed 

cor.ttinztion at 18 in. or deeper. 

~---- -. . 
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The 120-=' ic x lOO-ft buiiding whi ,ch hat been used for dying of 

residtues (Building 1) showed far higher contamination levels than the 

other three buildings on the site. This building has 2 dirt floor, and 

it is estimzted that the top 6 in. of this dirt contains an average of 
1-i 

200 pCi -'6R2/g. Beta-gamma dose rates at 1 cm from surfaces in Building 

1 exceed the NRC guideline of 0.20 mradihr over a lzrge fraction sf the 

sxrfzces 3f thFs building, 2nd direct alpha meas-urements generally far 

exceed the maximum NRC guidelines of 5GG dpm/lOO cm2 for surfaces contam- 

inated with 226 Ra or 230Th- Furthermore, 2~ manv points in Bcii&ing 1 4 - , 

transferable alpha contamination levels exceed the h’RC guideline limit 

(for 22bb or 230 7%) of 20 dpm/lOO cm2, and transferable beta cont2m- 

ination levels exceed the limit (for 227 AC) of 20 dpm/lOO cm'. Also, at 

some points in each of the other three buildings on the site, NRC guide- 

lines for alpha and/or beta-g2mma cont2mination 

3 -> 2 sample of dirt taken from&the floor showed 

s2myle of dirt 2nd scale taken from an overhead 

are exceeded. In Building 

80 pCi 226 Ra/g, and 2 

beam showed 350 pCi 
* 226 Ra/g and 566 pCi 238u/g. It is estimated that the top 6 in. of floor 

dirt in Building 2 has a 226 Ra concentration of approximately 30 pCi/g. 

Building 3, formerly used as a ga-age, showed highest contaminstion 

levels in some open dirt in the northwest corner of the floor; 2 sample 

of this dirt showed a 226 Ra concentration of Direct alpha 

readings in Building 5 exceed the NRC maximum gLideline of 300 dpm/lOO 
? 

cm' 2% many points on the floor and lower ~211s. Direct alpha readings 

on the floor of Building 4 also exceed 300 dpm/lOO cm2 at some points; 

-- ~..-.----- - .___- sm. ,,. - 



it appears that the contaminaticn in this building is due, at least in 

3art, to <lrt -* b which has been brought in from outdoors on shoes. 

Beta-gamma dose rates at 1 cm from the ground ourdoors exceed the 

NRC guideline of 0.20 mrad/hr over an estimated 30% of the property. 

External gamma radiation levels at 1 m above the surface outdoors on 

the property averaged 110 ;iR/hr. Based on ar, exposure time of 2500 hr 

per year for an individual, the &grated exposure wouid be 275 mrem. 

This is in excess of the EPA recommended limit for an individual (25 

mrem] , but is approximately one half the limit recommended in 10 CFR 20 

(500 mrem). 

Concentrations of 222 Rn exceeding the limit of 3.0 pCi/iiter stated 

in i0 CPR 20 were measured in Buildings 1, 2, and 4, even though Buildings 

1 and 2 were open. This is not surprising in view of the Large quantities 

oc 226 Ra present in the soil inside and near the buildings. Since there 

are probably several air exchanges per hour in Buildings 1, 2, and 5, 

L‘?n daughters attain only a small fraction of equilibrium with 222 Rn; 

consequently 222 Rn daughter concentrations are much lower than 222R, 

concentrations. However, if reconstruction of the buildings is completed 

with the residues left in place, it is likely that somewhat higher con- 

centrations of 222 Rn and much higher concentrations of 222 Rn daughters 

than those now present will develop in Buildings 1 and 2 (and possibly 

in 3 * "1. .4lthough it is difficult to predict the potential radon daughter 

concentrations in the (completed) buildings from the survey results, it 

should be pointed out that in 2 similar situation at the former Vitro 
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kre Netals PiEit in Canonsburg, Pennsylvania, 222 ?n concentrations 

exceeding 100 pCi/liter 2nd "%n daughter concentrations far exceeding 

the Surgeon General’s guideline of 0. OS WL (see* Acmendix IV) were measured A. 
in industrial buildings bUCit over or near radium-bearing Mastes. 6 

Tke presence cf large quantities of radionuclides in the ‘SSU chain 

;’ t _ .-., particular, 
227 

AC) has given rise to an unus*ua.l Phenomenon--.the oc- 

crrence of measurable quantities of airborne 219 Rn and daughters. In 

fact, it appears thzt the concentration of 219 Rn daughters is higher 

than that of 22’ ‘Rn daughters at some points on the site, oarticularlv in . r 
Building 1. Litt le is 'known about the health hazards of 219 Rn and its 

daughters, or of the actinides that produce them. The limits stated in 

EFEIA 0524 Annex A for protoactinium-231 and actinium-227 are comnarable 

to those for the better known actinide, plutonium-239 (see Table 8). 

Yne principal dose from 219 Rn and daughters is to the lung, due to the 

short half- lives of the isotopes involved. Considering the half-lives 

and alpha energies of the datlghters of 219 Rn and 222 Rn, it appears thzt 

the dose to the lung from 219 Rn daughters might be comparable to that 

from 222 Rn daughters ; however, quantitative data on the relative hazard 

of these two radons is not presently avaiiable. 

--- 



29 

1. 

-. 

3. 

, -. 

: -. 

6, 

.‘(RCIZ _ Investigation Report No. 76-01, October 20, 1976. 

‘; -. B. Kagner 2nd G. S. Hurst, kiealth Phy. 2, 20 (1961). 

1' 72 I., a. lkenn, 3. Spitz, and N. Cohen, IEEE Trans. Nucl. Sci. '9 --> - 
645 (1975). 

G. D. Kere, Measnrezent cf Radon Progeny Concentrations in Air by 

.:13?: _~a-Particle Spectroscc?:,, OWL-TN-4924, 1975. 

Code of Federal Regulations, Title 10, Part 40, "Licensing of 

Souxe .Xaterials ." 

R. W. Leggett, C. J. Barton, et al., Radiological Survev of the , 

FolrIllei VZ-- Ac,o Rare Metals Plant, Canonsburg, Pennsylvania, Phase II, 

E?.DA Report, 197;. 



mtn. D W  77-1394.5 

-H 
-- 

0 50 100 

v -. .- 

11 ,111  ,111,** 11 ,114  

7 1  -I 

llI.DC 2  

---l-l - nkoo 3 
L 

- 

6 5 I 

--I -- 

-. _ . 

I 

\ 

04 -3 +- 

--- 

1 

-. 

I 

I 

#  

- ‘ 

I 

_-. ” 

t 

B 

~ .- 1  
I I 

$2 

___ 

L-II 
SCAIE crttn 

(4 
4  

CL! 

.-. .-_. 

-c . . 
‘-r Lx 

-- 

-~ 

-. 

,*OW,Y 
InIt - 

-. 
‘” 

Fig. 1. Scaled drawing of the site r~ntl grid used for ollttloor s~lrvey. 



aln 7?-13940 0 3-l 
L--.-d 

rlrl 
__,#-.- .-  -*- _~  ” -_  e  ..* -e ._ I *._ . * 

.- 
- --‘CT 

[Zl N  -- -/_./ l --* 
8. 

-1 
_  ,/=. .\ . 

.-- . 
s-- * 

I . /* 
. . 

IAnloAD IV\I 
. 

. -- ._ -_ 
,,,,\\l\” 

((,(,~~loI1~~llllll~l~l~ll11l~~l1llllll~lllllll1lllllll~lllllIllllllllllllllllllllllllllllllllllllllll1l1(IIIlIIIl~1~~~~~~~rll(~1~(111~ 

r 1 Y4LDIwG I 

vt1nDIIG 1 

LI 
A 

MU III4 ,om tIOFf”IY 5,*vty 
- -. - -- -, - - _- ..- p.. _ _ _ _ I---- -+ -._--_ -I--..-- --._ -I- 

II 10 v 9 7 . 

SiEi --- 
I I COIXvflt ?lD 

. 

Fig. 2. Scnlctl tlrnwif~g of hi ltlings ilnd ricarby 1a1rt l111nrks 011 1-11~ s itc. 



. 

32 

c 20 A0 
I 1 , ffET 

G 

F 

E 

D 

C 

B 

k 

::’ ‘: r 1; :‘1 ; 
/ I I I i I.90 lo.90 /O.AO IO.70 

I 
0.40 1 

j 1 

-90 0.80 ~~~~ ! -75 io.30 1. 

’ / I 

40 10.50 IO.70 0.75 0.30 0. 

05 b 2: - c-50 0.50 0.55 2. 

.15 c.20 0.20 1.30 Il.30 1. 

ORNL DWG 7i-i39d5 

-- hi- 

6 5 A 3 2 1 

Fig. 3. Buliding i, floor: beta-gamma dose 
retes (mrad/hr) at 1 cm above grid 
points. 



. 

ORNL Ti’-i3VJ 

0 20 K! 

1 ! , P--N7 
i 

FEET 

law wollr: + = 
8: dose rate (mrodhr! 

direct a readiq (hm/‘lDC CI+ 

fioa: 51 dose rote immd/hrl oniy 

’ OPEN 

I 
F r---- 

I D -a-w 
I I 0.50 ;zm- 

c P--- I 0.60 I= 

I I I I 
- c 

La 

-I 

I 
1.6 1.1 0.65 1 1.0 1 

.---? 

1.3 I- OPEN ’ 
1 
! 

I 
~,o.70 IO.7 1.2 

.---( 

d 
I 

'2.0 1.0 0.40 i 
/ 

-1 

-’ 
I / I I I 

I 
I 

0.9 1.3 , 0.75 0.75 

-L 
I 

/ 1.5 

-em--, 
1 

0.75 
‘i;i75;5aI 

I 
I s--- I 

I 

1.4 0.80 13 0.75 1.5 
C.M 1 

5KK1 

, 
.---a 

1.4 o.m 1 o.75 i 

I 

I ‘-’ 

fG 
0.60 / 

* 
3E7 I 

I m--d 
’ I 

I , 

0.65 I 0.4) 0.50 j I’ .w 2.4 

DIRT FLOOR I i” 

0.80 ; 

m  I 
I c: &L- ---- 

I I I I T 

I I / 
I E 

I I 
,gpg~gj 

I LOWER 
CPEN I+ WALLS 

I I I 
--------------------A 

6 5 A 3 2 1 

Fig. 4. Building 1, floor and iower wails: maximu, ob- 
served beta-gamma dose rates and di=ecr alpha 
readings. 

- -  _I___ I .  I_- ._.-__.  



c I 2c L3 
I 

4 E-E- -- 1 

G 

F 

E 

3 

C 

8 

A 

I p  ! 160 I210 l,m 157 

j , I 1 

30 iI 1160 i i20 1 160 220 

c t2lb 2a 1243 160 240 
I I 

I 

'0 j 1 1180 180 20 180 m  
L 

3 I90 12; !2e 220 

CRNL DWG 71-167jt 

a--+=- 

A 3 2 

Fig; 5. Building I, external g2.332 radiation 
levels (in -2R/hr: at 1  1;: above grid 
3oints. - 



1 ‘0 Lt 
! I , 1 .--- ?ZE I 

250 
G -- -- 

F --- -. 

E -w-w 

3 ---- 

105 

c -w-B 

A ‘--- - 
1% 

17P 

I I 
i 280 I  310 

I 

473 1 1 

/ 

210 I 1 220 

j 
I 

I 
I 

I 310 
1 

250 

210 1 

I 

1 310 1 1 240 

CRNL T-73937 

G--- 

I 

250 24 

180 240 320 

’ lC5 ; 

I 
I . 280. 

---- 

---- 

250' ---- 

m---e 

--- - 

Fit 0. 5. Building 1; indoors and outdoors within 5 3 
of walls; mz~irxzr+ef~ernal gamma radiarion 
levels (in -JR/:X] wi2-h survey blocks, at 

1 m above floor. 

-- -.. - .- 



36 

CRNL DbG ii-;6717 

/ 

D 

/ 

/ 

C 

/ 

6 

/ 

A 

P 

Ir 

i 0 

I 0 

/ 

IO. 
-7 

.- 1 ! 3.15 

.15 

1' . - 0.0: 

? 

/C 
I 

28 0.0: 

.16 .TO .13 0.01 

15 .- o.oa IO.06 0.06 

4/ 

Fig. 7. Building 2, floor: beta-gmma dose 
rates (mradhrj at i cx1 above grid 
70 ints . 

--- --_-. 



LCWER 

WALLS 

i 

ORNL 7-13~36 

k 
lower walls: T = 

8-y dose rate immo/hrl 

direct a reading (opm,‘lOO c&j 

fbor: 87 dose rate (mod/hrj oniy 

r 
----------------_ 

Ai 
I I -I 

1 0.15 I 0.15 I 0.15 I 
7 

I 
LXIO I izz I 1300 

/ I 
/ 

---- 
I 
’ c.15 I I 2zm 1 0.1 

1 
I 
i 
i-----l 
I 
I 
I 
I$-; 0.14 

I 

I 

I 

r 
em- 

I 

I 

IS 

0.25 

I 
I DIRT AND 

0.18 0.28 

c.35 

I -r 
0.13 

C.2E 

0.15 

i C-UVEL FLOOR , --- - 

SW- 
-l 

, 

I 
0.05 
m I 

I 
! 

I 
-a- i 

I 
I 
I 

0.10 
Tim 1 

I 
I 
I 

--*-A 

I I I I 

I 0.10 I 0.10 I 0.15 I LO&R 

I m I 3-m I m ,- WALLS 
I I I a---------------- J 
L 3 2 1 

e 

k 

Fig. 6. Building 2, ficor and lower walls: maximum 
observed beta-gama dose rates and direc; 
al??12 readings. 



38 

r 
7 

L 
6: 

1 
I6 

1 6 

4 / 

105 jao 70 

5 
I 

80 40 

J 45 155 45 

0 jg 40 EC 

1 

3 / 2 / ,/ 

CRNL DW 77-16718 

/ 

D 

F 
J 

/ 

3 

/ 

64 

Fig. 9. Building 2: extexial gamma radiation 
levels (;IR/hr) 2t 1 m above grid points. 



n  
. 

rc” 
F E E T  

I 
I 
I 

12cr  I 
----  

I 

4  

l o u m o o ~ s  

Fig. 1 0 . 

8 0  

O R N L  Ti - is39 

-N-  

8 0  

Is 8 0  

I 

I I 

- - - -  

.---  

0  

.---  

- -  - -  
25'  

I I 
I 

I 
I I 8  

3  2  

Bu i i d ing  2 , i ndoors  a n d  o u tdoo rs  wi th in  5  ft 
of wai ls:  m a x i m u m  externa l  g a m m a  rad ia t ion  
leve ls  (i:: u R /hr)  wi th in  sun rey  b locks,  a t 
I m  a b o v e  floor .  

D  

C  

a  

A  



ORNL 77-13944 

~j-- ,J-- ,I=- 
0 
I 

FEET 
; _ 

J3-y he rota (mrwJ/h) ~- 
-T cllrnct n mwallry, (rl,w,~/l00 cm ) 

--_ - - -- -,------------- --- _ 

I 
/ OPEN DIR1 

IN CORNfR 
--- 1 

1 
r-- 
I 0.13 

I" 
I-- - 
I 0.09 
I -!xJJJ 

I 
l--- 
l 

I %J 

I 
I- - -- 

I 

0.10 

‘1 
mu 

-- 
0.07 
mu 

% 

0.07 
mm 

.-I_ 

0.09 
iam 

0.07 
mu 

0.07 
iiim 

0.00 0.06 
-xi0 im 

___ 

0. IO 
mm 

0.00 1 
-xl6 , 0.00 

-mu 
0.07 
7cr 

I 
---- 

; 
0.01) , -- 
bfi0 

I 

---- l 

0.00 I 

7m 1 

I 
--.-- 

I 

O.JM 1 
1500 

I 

0.08 
-mm 

0.07 
-Tin 

0 

0 

0.00 
-35tT 

0.09 
zmu 

0. IO 
mm 

0. IO m3 
-.---- 

J 
0. IO lrn 

i 

0.09 
-305 

:ONCRETE 
--- 

0.08 
mm 

-- -- - J 
f 

I OWCR I 

Fig. 11. Iluilcli~~g 3, floor and lower wnl Is: nmxit~~un~ oh- 
scrvctl I)ct;l -gnnnnn close x-3 t cs nncl d i ret t. :I I plm 
IllL\il srlroncilt S . 



55 

RsrrlilQs ()tven In pR/hr 

30 (3 II wes1) 

--._----. 

--- 

-- 

--__.- 
30 

--- 

35 

--- 

-- 

I L- - 
125 (15 It emt) 

ORNL 77-13934 

0 

30 

----. -- 

3n (3 11 rdl) 

IO 
L ---.- ___ --A 

FEET 

rig. 12. llrriltlittg 3, indoors :trttl t tearby orttcloor 
poi ttls : cxterttnl ~;IIIIIII:J lcvcls (ilt pR/hr) 
lit: 1 nt iI ltOVC Sllrl‘itCC. 



. 

ORNL 77-13930 

i FEET 'i 

-N-d 

450 100 350 250 ml fln 

280 230 54-l 130 50 150 200 

200 100 . 200 130 

fly &we roles S 0.05 mrorl/lor l lwo~&wI 

Pig. 13. Huilcling 4, floor: tljrcct :Ill)lin TCiltliIlgS (itt 

tlpm/l00 clit2) at ra11tlo1111y scl cct-eel points. 



ORtJL 77-13942 

0 IO 
--N-a, 

II 

00 (IO II ¶Olllll) 

Fig. 14. Bui.lding I, indoors and ncarl)y oi~ttloor poi nt s  
external g:mr~:l ~clcli;ltiOIl lcvcls (in pll/hr) at 
1 III nlwvc SW-fncc. 

0 (15 It notth) 



EIclrlnlY _~ 
lItI 

O(IEIl nw 77-16?76 

&- N  -- 

d L+7-j:’ 

-~.-- -.-- 
~~~ -@ 

1. 1 *,2 __-. 
AL =_ -\ 

--. _-. _  I -.-~@ ~~~ .T --- 
.~- -.@ - I_ --- .~. 
III -- x-- 

<: ,b3’ 

--- 

@  
< ,Gi’” r n :...@  
@  -- 

-.-_- -. 

@  lL- 

$6 
_- .~ 

63, 

0  J4I - -_~.~- - 
0  1411 

- 4  

Y.r ,ll“, ,,*a+1 -- --- 
c  @  

/ _’ @  

_.~ @  .- 

d 
~--- ~-- s,* ~. 

I, 

@  @  qj 

- 

\ 
- 

\ 
)__ @  

0 
_ i 

\ 

-+i 
-.- 

-7 

\ -..-L 

I 

I 

* 

, 

I 

I, 

:: 
c. 

I 

Pig. IS. I.ocatiofis nt which srwf:lcc soil satuplcs 
IJC~C I:ilkc~l. 



RclPcaIY _ 
111 It 

(ml\ llwr: 77-I.5121 

- 

0 so 
L--~-~- .- .I-.- .Y 

-N--- KAlf (ml) 

--- .- - --- 

__ -- - __~~ ~.- -.--~ ~.. _._ -.- - 

11 IO V a 

Fig. 16. I.ocations of core IIOICS. 

,. 

‘r r. _  

-L 

-3 
;ccl. s 

-0 

~- ------ ---- I_ 

. 

. 

I 

b 

, 

I 

P  
(I1 
8 



!‘!?L-. o.l!--- owm. 

0.50 0.04 - O.IO_~ 

!:R 0.06 ,. “.% _ 

Q.ll-. ‘.oa_.-. o,oa _ 

v-- ‘K- J.21 

-..- ~~ - L. !E ._. n.ca 
-.._ 

.’ ” -----Y?- ?O 

J 10 .I- OK-. LIZ-- OA-- o:ae-.. vi .~ .___ o:m 0 OS O.J6_- o,!l - O.!L-Oil-.. !.!I -_ “!2-._ ---~ 0.10 

..J.l.--Q.W- Q.Il-.- Q.Mm-- PA’- Q.Dd- _. ML ~- P.M.- CLIP..- W- KC!4 -. ‘V’!~~- QJ-- %I8 

9.u.- O.!c_- ~. o:!L ":!-c ..-- O.O! 3 -._-~ OO!.- -- 04 002 O.O! OP!. !.?I ',M~-- 0.q O,M 

0.0s o.oe-- O.Ol.-.- _ - - 0.02 0.03 0.03 -_.-. _ __ 0 c!!! _ 0 04 9.p.~. -_ g.o& _ 1 .@ 0. I? a.10 lne o.oe 

IV IO 

\ 

f’R;‘l. .[I. [I -[;~~---:~;;~ IIgI: E ~L [;:&--[I; -1;. 
17 Ib I5 I4 I3 II II IO V 0 -7 b 5 4 I 

+ p p 1 11 I I I I I IL--J1 I IS--- :s!L-- .zR.mm 0.n .40--. ‘48 f!.” .~ pl -.I”;“~. po p-J .~ p ._ pso p +!L 

PRoPrR IY LIFJE 

50 
1.c 

0 ni 

I 

ITif:. 17. lletn-gonnn:J tlosc rates (in nirntl/lw) o~~txloors at I CIII 
nl)ovc grid points. I 



. 

ORPII ?7-1)74( c-- _- 4 
7t- I, 

Illlll‘ ,,,,a 
IO 5.0 

1.0 I.4 

I;- 0.30 03 

- 

06 - -. 

I3 

0 70 

0 16 

0.5 

05 

--- 

0.1a 

0 ?a 

0 13 

05 

_._. 

-.- 

025 

0 3s 

7 6 5 

*- oe 

% 06 

I 

0 35 -- 

0.33 
-- 

21 

0.45 

07 

05 

Jl 
K 

9J - 

1 

-3 
-- 

_- 

.-- 

0 40 0 15 

05 I1 

--- 

01 1.0 

04 06 

_--_ 

nJo 08 

07 

0.5 0.5 
- 

3 

0 YJ IO0 
L--.--1-_--J 

SCAI f irct I) 

4 
4 

.,I 

- 

- 

a?- ,,rv+ 
n.9 

-MA 
,,lC’ -- ._ 

1.1 

0 45 IO 

-. 

0.b 0.9 

--- 

P--+ 
,+ ’ 
-. 

-. - 
0.5 

Ob 0.6 0.6 

- 

0 13 

I7 1.0 0.40 0 33 

‘-h -. . . .._ 

1 

'-1, 
I.1 

I.2 I2 
Ls- -- 

70 I9 Ill I7 lb IS I4 13 17 II 

I.1 

-- 

,,a*” 

0 45 

Ob 

0.6 

- ~--_ 

0.15 

-. 

4 ,,tt” 

0.6 
-r;;;‘; 
\ Ob 

0.5 0 16 

7,,+*: 

0.7 

05 

0.b 

06 0.18 

. 

OIJ I.1 023 

===zzZ 
0.P 

0.7 

0.31 

-- 

0.25 

I? 00 

08 08 
-- - ~___ 

PF!orrRIY _- 
I III6 

025 

P 

Fig. 18. Pfnx~mm ol)scrvetl ~IXI-~~IIIII:I dose rates (in IIII.;I~/~II-) 

outdoors 111 tlwso grjd blocks whore SOIIIC rc;lclings 
exceeded 0. 20 tnr;itl/hr. 



CMFtl D\W 77-1~123 

ml --- ?!!-.-. I_o_--~ eo..- .-~.__ ___~ !ro IM P3 

70 IV 
\ 

I11 I7 lb 1s I4 

mnrIn1Y LINE 

I3 II II IO 

!!t _ PL-. I!s_- 

30 45 40 

70 ..-~~eL_ 9 

IftQ Il.5 J5L 
v (I 1 b 5 

“0 .-_ 170 lla -. ~- -_ 
a3 ” 

80 - -_ !-XL- me_ 
5ooG 

Ire- RQm- _ 41-e , 
I40 

~10 --.. -. '0 -.~._ 'o-_- 
Irn ( 

42 - .- Js-~- ~~-. la--- 
45 ” 

80 70 
----is c 

!O O! ~~ 5 5 __ ( 
25 

/IO 220 125 lo * 
‘ 3 1 t 

Fig. 19. ExterrmI ganiw racliatio~l levels (ill ~rlI/hr) olltcloors 
at 1  111 al~ovc grid poitlts. . 



-.- --. - 
L -_ 1 -~- ’ 50 ,an. 

ORIlL D’AC 77.lb?17 

0 
I-~. 

ICI 

h. 

I 

.“.....-* 

1 -.l.“... 

I----- 

L.-a 

. ..- sm... 

.7-.. ..- -_, 

!\ 
:“..- _I....._.,.” 

I 

, 
/ 

.~ 

- I 
. , 

I I’ 
b 5 

/ 

F.ig. 20. Prol-‘j.l c Of avcraI:e extC?rllal g~llllllla radi;lt LoJl~ k!VCi s / 

(in jrR/llr) at-1 111, nlpvo srn-fact orittlcroF5~. 



1  
. 5 0  

O R N L  D W G  7 7 - 1 6 7 2 8  

9cc  

8 0 C  

7 O C  

6 0 0  

5 G O  

4 0 0  

3 0 0  

2 0 0  

1 0 0  

0  

T 

T 

i 
i  

T  

, 
T  

I 

i  

i  
! 

1  1  
A  L  

. i  

2 5 C  2 % ~  3 0 0  
3 d  J '5 ,: - 3 :( 

3 5 0  4 0 0  

Fig.  2 1 . A  typical  2 2 2  R n  d a u g h ter  a l p h a  spec tmm.  



51 

ORNL DWG 77-16729 

?“C ii‘ 4 

200 

175 

150 

125 

1CO 

75 

50 

25 

0 

AC L 
6 , &j’+ F )’ 

! I 

t 
I L 
! 

i 

t 
1 
T I 

1 
T 
I 

$ 
I 
I 
! 
I 
/ 

w ‘I’ 
-3 .T 0 , \ 

250 300 350 

Fig. 22. Alpha spectrum for an zir smple taken ,in Building 1. 

.- 



52 

ORNL DWG 77-77465 

200 

180 

160 

140 

120 

100 

80 

60 

40 

20 

0 

t 

I 

T 

f 

f 

i 
I 

T 

i 
I 

i 

I 

1 I 

250 3130 350 400 
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Taj le  i. 3  LL-ect  m e a s u r e m e n ts o i  3  a n 1  ii --y c o n ta m i n a tio n  leve ls  
cn  u z 3 e y  * wal ls  a n d  .- ce i i ing  i:: Su i l d ings  1 , 2 , 3 , a n d  4  

. . . . k:-cx; F a b e r  o f 
m e a s u r e m e n ts 

Direct  a  m e a s u r e m e n ts B -y d o s e  rates 
.rt'e r a g e  ~~ lZX iS I .U I l  A v e r a g e  !a x l m u m  

( d p m /iO O c m ') ( d p m /lO O c m ') (cr radjhr)  ( r i iad/hr)  

6 7  9 0 0  5 5 0 0  0 .2 4  0 .6 0  

3 6  2 8 0  i i00  0 .1 6  G .2 0  

: .‘ 1 6  5 0  3 6 0  0 .0 7  0 .1 0  

4  1 0  < s o  1 0 0  0 .0 3  0 .0 5  

---.- -- -- - 1 _ _ -  -. 
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Table 2. Transferable c and 5 contamination 
levels in Buildings 1, 2, 5, and 4 

;.-r :;--e i-,-rLa.j .Qea Sumber of 
smears 

Transferable c Transferable E 
contamination contaiiina~ion 

Average Maximum Average Maximum 
(dpm/100cm2) (dpm/100cm2) (dpm/100cm2) :d~m/100cm2) 

. halls, up to 
z feet from 
fiocr 

teiling and 
xalls above 
6 feet 

? iialis, Cp t0 
6 feet from 
floor 

Ceiling and 
iialls above 
6 feet 

3 Floor 

3s 

67 55 380 15 200 

26 50 140 20 110 

36 

25 

115 

30 

95 

450 

210 10 70 

180 50 130 

45 2SC 

T e iiZllS, Up t0 
6 ;PPt d”” from 
floor 40 30 100 20 100 

L Zlocr and 
walls 34 15 60 15 60 

- .- .-.- * .m. . .._ ___~ .~~ 
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Ta5le 3. Analyses of sur face soil sm?les 

226Ra 227 
a AC 

iocation (PCLW (pCi/g) 

Si 
S2 
S3 
s4 
S5 
S6 
Si 
S8 
S9 
SIC 3 . Sf &b 
s12 
513 
Si; 
Sij 
S16 
Sli 
S18 
si9 
s23 
s2: 
C?? w-w 
S T- L3 
S 22 
sx 
S26 
527 
s2s 
s29 
230 
S31 
S32 
C” . 
;;; 
S55 
S36 
ST 
S3S 
SS9 
SSO 

6.2 
250 

35 
100 

13 
14 
60 
88 

3.5 
1.6 
5.6 

350 
830 

6.5 
N.D. 
1.4 
5.1 

89 
14 

250 
20 

160 
160 
220 
3iO 
370 

4.3 
130 

54 
130 
170 

2.2 
8.9 

250 
1300 

2.4 
80 
82 

43a _ 
320 

7.2 
310 ce 

lo& 
2i 

4.6 
100 

25 r c 
Z 
K.D. 

61 
810 

7.8 
N.D. 
0 .T 
3.4 
N.D. 
7.4 

26 
'K.D. 

N.D. 
240 
426 

N.D. 
N.D. 
3 3 -. 
N.D. 

64; 
N.D. 
N.D. 
4.2 
h:.D. 

330 
K.D. 
5.D. 

84 
3.1 

86C 
550 

i 8 
52;. 

N.D. 
640 

- 7 f .i 
$7 - .- 

78 
3T 

i-0 
N.D. 
N.D. 

i3C 
1200 

N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
1.0 
Ii-D. 

21 
N.D. 

93 
180 
200 

N-D. 
N.D. 
h'.D. -c 

1;: 
N.D. 
1.0 
K-D. 
N.D. 
N.D. 
K.D. 

47 
120 
530 
570 

N.D. 5 
Y.D. 
N.D. 
N.D. 
2.1 
1.8 
N.D. 
N.D. 
1.3 
N . D . 
N.D. 3 7 
k:D. 
N.D. 
N.D. 
1' 
N:;. 
N.D. 
1.3 
N.D. 
1.6 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N-D. 
N.D. 
N-D. 
1' 
N:;. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 

.-----x--_-.-- _-- 



Table 3. (cox’d. ) .kl i i~SeS Of surface soil sar!ples 

58 

I 
iocazionG 

2XRa 
(pCi/g) 

238 

CpCiYgl 

227 

iPCi& 

232 
(pCi2) 

s,: 1.4 320 S.D. 370 
--)A BC 

5.3 
q*' 240 N.D. 240 8.6 
Sk2 190 470 

-?LD. 
230 K-D. 

5;; 16 10 0 .u 
s44 28 N.D. 16 0.6 
5:; 2700 N.D. 1300 x.3. c , . b-2 3.0 K.D. 1.3 1.3 
51:. 470 530 
s2p 

390 N-D. 
120 N.D. 110 4.5 

99 X-D. 210,000 Y .D. N.D. 
S50 540 N-D. 700 N-D. 

c 
"30h-n in Fig. i5. 

jT4.D. = concentration not determined. 
'Szmpie taken at depth of 6 to 9 in. 
d Saqle taken from boots of surveyor who had walked in area shown 

in Fig. 2. 

--- *1 *  _. -- 
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72.21 e 4. Analyses of subsurfzce soil szqles 

Locationa 
Depth Z26k 227 

AC 
232 Th 

r;, \ -Ai. 1 ($ijg) (?Ci/gj (pCi/g> 

Cl O-6 
6-12 

12-18 
IS-24 

c2 O-6 
6-12 

12-18 
19-24 

C3 O-6 
6-12 

12-18 
Cd O-6 

6-12 
12-i8 
i8-24 

C5 O-6 
6-i2 

12-18 
18-24 

C6 C-6 
6-12 

A~-18 ?- 
18-24 

C7 o-5 
6-i2 

12-18 
18-24 

C8 O-6 
6-12 

12-18 
18-24 

c9 O-6 
Cl0 O-6 

6-12 
Cl1 O-6 

6-12 
12-18 
18-24 

58 
95 

i30 
2.i 

270 
54 

1.3 
7 2 

1500' 
25 
12 

9.8 
1.7 
1.9 
N.D. 

69 
45 

S.D. 
49 

-! 0 -. 
1' 
'i.9 
1.0 

1100 
820 

ii 
3.9 

29 
44 

2.4 
N.D. 

50 
550 

6 .2 
30 

1.5 
1.5 
1.4 

S.D. b 
X.D. 
K.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 

350 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
K.D. 
K.D. 
N.D. 
K.D. 

150 
N.D. 
K.D. 
N.D. 
li.D. 
K.D. 
N.D. 
N.D. 
6.8 

830 
N.D. 
9.8 
N.D. 

70 
N.D. 

670 
h'.D. 
1.8 
1.7 
1.8 

4i 

X.D. 
97 

N.D. 
iA "c( .Li 

N.G. 
N.D. 
N.D. 

17 
N.D. 
9.1 
X.D. 
S.D. 
N.D. 

34 
N.D. 
K.D. 

37 
N.D. 
E.D. 
N.D. 
N.D. 

42 0 
N.D. 
4.1 
N-13. 

330 
32 

1.0 
5-D. 
N.D. 

540 
4.6 ?? A.. 
N.D. 
N.D. 
0.91 

2.6 
N.D. 
8.6 
1.2 
6.3 
i.1 

i.0 
N.D. 
N.D. 
1.0 
N.D. 
1.5 
N.D. 
N.D. 
N.D. 
3.1 
N.D. 
N.D. 
3.5 
1.3 
N.D. 
N.D. 
1.3 

16 
Ii.D. 
K.D. 
1.3 

11 
3 e. 7 
1.3 
N.D. 
N.D. 

24 
1.3 
1.1 
i-0 
0.84 
1.1 
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Table 3. (cont'd.) An2iyses of subsurface soi! samples 

258 

CpCiYg) 

227 
a Depth AC 

252Th 
53c2xion (iTI.) &Xi/g] (pCi/g) 

r, - L-3 

Cl2 O-6 
6 -i? 

12-i8 

18-24 
O-6 
6-12 

- 7-18 -i 
l& -24 

C-6 
6-12 

12-18 
18-24 

O-6 
6-12 

12-18 
IS-24 

Cl2 

CiS 

7' c 
5.0 
1.6 

16 
140 
240 
200 

5.0 
46 

4.2 
3.0 
1.9 

34 
2.7 
1.3 
1 -7 

6.4 
2.6 

25 
42 

220 
220 

3.0 
190 -- 83 

4.1 
1.9 
2.0 

58 
1.4 
2.4 

10 

85 
N.D. 
N-D. 

20 
65 

220 
210 

N-D. 
25 

N.D. 
N.D. 
N.D. 

240 
N.D. 
N.D. 
N-D. 

S.D. 
0.95 
1 7 
1:: 
4.3 
N.3. 
3 5 -. 
N.D. 
N-D. 
1 ? .& 
N.D. 
1.4 
2.0 
1.1 
1.2 
N-D. 

2” bhoLz in Fig. 16. 
'x,D. = concentrztion not determined. 

.-.-__ ” ___-__. -_-- .^ ..___- 



61 

Tt’kie 5. Radiochemical analyses a of selecred samles 

C--9’ d’J& ̂ e 
l2c2.ticn 

23 0 

ipci;: 

y-1 13L 7-l 251 ?a 227 
AC 

226R- 

(pCi/g> (@i/g) (pci/&) (pCi& 

51; 
-: 17 . -g . AI 

36,000 X.F.b S.F. 900 900 pzeser,t 

j1 is, 000 N.F. N.F. 900 cl800 ,: present 
- - PC- 15 

t-m- - -I- ‘Ii8TTe: 90) * 000 9,000 9,000 <90 <go 
I - . .- ; 

9,000 
---*c ‘c efween 
-: 1 Tm;..* +-&’ y’&.Li 
r- Q ‘ -4 ad d 

2, 
- r. e 
‘-OT 

tctivities listed here represent only the acrivities axvailable by 
. . XI leaching (nomall y between 50 and 100%) . 

b 10: found. 

. 

- _.. ~. .~__. 
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Till)lC? 6. Conccntrati.ons of , 2JO,,b 226,1,, 3,,(1 230, ’ # Ill ii1 water and sctljnicnt simplcs 

---. ---- ---.---~-----. 

Water _.- --__ 

2 ‘()l’b 226R7 

__,_ --lxa!Q .__. --AG!!J 

23(X,.,, 

Snmple Location 1 (pCi/ml) --.-- - ---- 

(Ill I: fil 1 1 Of property 
n t Coldwater Creek 

0.007 I 0.001 0.002 I 0.001 0.002 IL 0.001 

Coitlwntcr Creek, -2 miles 
downs t rcinn from site co. 001 <O.OOl 0.0005 I!. 0.0005 

Storm scwcr ot Latty 
Avellrlc 0.007 0.003 t 0.001 0:0005 & 10.001 

2JO,q 
C$Wi) 

55.9 1. 8.1 

--------- 

18.0 i- s.0 

Sedimerrt _..~. __-- ..- .-.-. 
2261k, 230.,.,, 

-@l.L!ae___--E/s,L--.-. 

4.19 It 1.35 91.9 i 6.3 

0.063 1 0.153 0.252 k 0.240 

co. 014 4.96 .! 0.90 
---------- __ _--- ____-.- - ------ --.--- - 0 

r< 

IWJ (soll~ble) 0.1 0.03 2.0 



‘1’111~1 0 7. 1111tlo11 COII~~WIL t.111 icriB:: i II II i I- in 1141 i ItI i iif;:! I , ?, 3, f11141 4 

-... _ __--- - -._-. -------.-I -- _~___I __._.___.__ --_~~ . .._ - I_--. ____ .____ _ - __.. - -~. - . _. 

hlil X i 111~1111 hv~!l~il~:‘! 

NIIIII,,CI- ol’,, coiiccril t-ill iou coilccill r-a I i 011 
1111 i I (I i 1111 I.ocn 1: ion” rcatl i 11l:5 (pCi/l itcr) (pC i / I i I (‘I’ ) 

-_-_--__-.__.~.~ ._-.-. ---. --_-----_~--- ~- 

1 Ncn r grid 
I)0 i nt IPI 47 37.0 1 (i . !i 

I Ncnr grid 
point. 113 34 57.0 I!). I 

Near grid 
point I:3 

Near grit, 
130 i 111. li 2 

3s 25.0 20.3 * 
0 
I91 9’ 

45 9.3 5.H 

2 llctwccn grid 
J~oints n2 and 
113 40 7 . 0 2.7 

3 Ccntcr OF 
1x1 i 1 tl i ng 

4 0 1.0 0. 5 

Offj ce, SI! corner 
of hiiltling RU S.R 1.9 

1 Office, cast sitlc 
of bliiltlj.ng flu 3 . 7 I 5 . . 

_. - --_-- __.. _-_-_~~.-. -- ---_-- -.- __-... 

“lIr!rers to grid loc;~tions Sllown in Fig. 3 for Ihilding 1, Fjg. 7 for lhiilcling 2, and Fig. 11 for Iluiltling 3. 
I) R;lclol~ WilS Il lei~SII~Cd continuously Over periods OF njq~roxm;ltcly 24 llr; howcvcr, corlcutltl-ntions were rccortlctl nt 

iiit ctvnls of 2000 sec. llccnr~se some radon arid l~rogeny from prcviolis 20(30 see intcrva I s rCIl1il in in tlia IJrcnii 
cII;IIIIl)Cl-, wch rc:~tl ing ;~ctually rcprescnts D co~icentrntior~ which has I)ccll integrated over 3 period ol 2 to 4 hr. 
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?2ble 8. Concentrazi on guides listed in 3,913~ 0524 
Amex .A fcr unconrrolled zezs 

SZXllde Coqormd 
Air 

uCi/ml 
Cater 4. 

uCi/ml 

AC 227 2 6 x xc 227 3 x 10 lo:, 

P-G xg 
ptJ 2jg 

FL2 226 
Ra 226 

?2 251 
pa 711 64i 

Fta 223 
R2 223 

Th 230 
T-n 250 

6 s 10-f; 
1 x lo--- 

-12 j x lo-,, 
2 x 10 -& 

-14 
; ; 32 

6 x lo-l1 8 x 1o-i2 

8 x lo-l4 j x lo-13 

r 
5 x 10-F 
3 x lo-' 

3 -8 x 5 x 10 10ej 

9 x 10:; 
2 x 10 - 
7 x 10 -7 
4 x 10 -6 

2 x 10-6 
5 x lp-' 

“Solc:jie. 
b Insoi&le. 

--- -_-. 



. . 

APPENDIX I 

DESCRIXICS 0' iUmDIX?IOh SURLTY 

'EERS AD sahR COuhTRs 

-- ..------._ 



66 
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.  

RADIATION SURVEY NETERS 

Alpha Sumey Xeters 

T-e t;,l-pe of alpha suntey merer used at this site to measure alp'na 

radicactivity on surfaces uses a 3nS s:intillator to detect the aloha w 

radiation. 

Ze alpha scintillation sur?rey meter consists of a large area 

(50 2; ZnS detector with a photomultiplier tube in the probe which 

is cctrpled to a po rtable scalerlratemeter (see Fig. I-A). The ZnS 

detector is covered with a j-nil aluminized mylar sheet in order to make 

the instrument light-tight. A metal grid is used to avoid puncturing 
. 

the mylar when surveying rough surfaces. This instrument is capable of 
7 

meas-cing aloha surface contamination levels of a few dpm/lOO cm& . 

but must be used in the scaler mode for this purpose. It is high11 

s ei ective for densely ionizing radiation such as alp-ha particles; the 

4 -str.er?t is A.. relatively insensitive to beta and gamma radiation. 

Beta-Gamma Survey Meter 

A portable Geiger-Muller (G-M) survey meter is the primary instru- 

ment for measuring beta-gamma radioactivity. The G-M 

quenched stainless steel tube having a SO mg/cm2 wall 

Tresenting a cross-secti onal area of approximately 10 

tube is a halogen- 

thickness and 
2 cm . Since the 

G-b: tube is sensitive to both beta and gamma radiation, measurements 

are taken in both an open-window and a ciosed-window confi,uation. Beta 

radiazion cannot penetrate the closed window, and, thus, the beta 



. . 

. . reacrng can be determined by zaking The differexe between the open- 

and :losed-window readings. This meter is shokT! in Fig. I-B. 

T3.e G-M survey Peters were calibrated by comparison with a pre- 

cali'xzted i'ictoreen Model 440 ionization chamoer (Fig. I-C). The open- 

i;indov caliS= ation factor was found to be 2000 cpm per mR/hr fo: sxz?aces 

. COntwr-t ed wit h 226 Ra in equilibrium with 238 U ad 2300 Cim per &?/hr 

zor xfaces contaminated with ir,iZially pure ~~rark3.m~ The lower 

figce was routinely aTplied. The closed-window (gamma) calibrazion 

factor, dete-ined by use of a NSS star&& 226 Ra source, was 3200 cpm 

per S/h-. 

Gamma Scintillation Sumey Meter 

A poeable survey meter using a NaI scintiilation probe is used to 

me.zzre low-level gamnxa radiation exposure. The scintillation probe is 

a 5.2 x 3.8-a NaI cryrtzl cou;,l,ed to a photoxA.tiplier .tube. This 

probe Is comected to a Victoreen Model Thyac III ratemeter (see Fig. I-D). 

?his nit is capable of measuring radiation levels from a few uR/hr 

to several hundred Whr. This instrument is calibrated at OWL with an 

KBS standa-d 226 Ra source. Typical calibrztion factors are of the order 

of 300 c&S per hr. 

SMEAR coL??TrERs 

Alpha Smear Counter 

This detector assembly, used for the assay of alpha emitters on 

snear paper sazrples, consists of a light-tight sample holder, a zinc 

sulfide phosphor and a photomultiplier tube. Tnis detect or assembly was 

used with elec,, --onic components housed in a portable ?!I!4 bin (see Fig. 

..-_- “̂  _--. 
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-\ 1-P. -J * 3e eiecti onics package consisted of a ?reaqlifier *> a ORTEC JS6 
:ligi: Y,‘O Itage Tower supply, a Tennelec TC 211 lirea- amnl’zier and a -. L A* * 
Temelec TC 545 counter-timer. 

The alpha smear counter was used in the field and xas calibrated 

daily using an alpha source with a known disintegration rate. 

Beta Smear Counter 

The beta smear counter consisted of a thin mica window (?i 2 mgjcm2) 

G-M tnbe mounted on a sample holder and housed in a 25on liam x ;S-cm 

high lead shield. Located under the counter window is a slotted sample 

holder, accessible through a hinged door on the shield. .Q absorber can . 
be interposed in the slot between the sample and the counter window to 
determine relative beta and gamma contributions to tihe observed sample 

counting rate. The electronics for this counter were housed in a porzable 

KIM bin and consisted of a Tennelec TC 148 preamplifier, an ORTEC 456 

high voltage power supply and a Tennelec TC 545 counter-timer. 

This unit, shown in Fig. I-E, was used in the fieid to measure beta 

activity on smear papers and was calibrated daily using a beta standard 

of known activity. Since the beta smear counte r usually shows a relatively 

high background (t)3ically 12 to 20 cpm) and has a relatively low ef- 

ficiency (Q 6%), accurate measurement of very low-level beta contamination 

on a single smear would require a count of several minutes. Because of the 
iarge number of smear sampies to be counted on each site, each sample 

- 
is counted for one minute, and accuracy is improved for low-level counts 

by averaging results for several smears. For examnie, if 2.5 smear samnles A 
show an average transferable beta contamination level of 30 dnm/iOO n2 

. , 
there is a ?robabiiirv of approximately 6Ssi that the acruol average 

contamination level is at ieast 20 dom/lOO cm2. A 
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,SCi-JXIQUE F ?33 OR TEE M.%SURE!!EST OF "'Rn PRCGEhT COSCESiRkTiOSS IN .qIR 

An alpha qectrometry technique has been developed for t-he measure- 

ment of 222Rn progeny concentrations in air. From one integrai count of 
tj?n 2i8 214 I" PO alpha activity and two integral counts of the PO alpha 

activity, the concentration in air of 218Po 214 "7 1 
, Bi, and "'Pb may be 

calculated. 
-9, 

Particulate AL'Rn daughters attached to afrbcme dust are coliected 

on a membrane filter with a Pore size of 0.4 microns. A sampling time 

of 5 min and a flow rate of 12 LPM are used. This filter sample is then 

placed under a silicon surface barrier detector and counted. The detector 

and counting system used for radon daughter measurements are ShOhT in 

Fi g. II-A. Usually, counting of this kind is pericrmed with 2 vacuum 

between the sample and the detector which requires a complicated sample 

holder and time-consuming sample changing methods. Expertients at this 

laboratory have shown that ease in sample handling is obtained with 

.little ioss in resolution when heiium is used as a chamber fiil gas. In 

this counter, helium is flowed between the diode and the filter sampie, . 
which are separated by a distance of O-5 cm. One integral count of the 
218 30 alpha active 'ty is obtained from 2 to 12 min, and two integral 

counts of the 214 PO activity are obtained from 2 to 12 min and 15 to 30 

min, respectively. All counting intervals are referenced to t = 0 at 

the end of sampling. 

The equations describing the 222 Rn progeny atoms collection rates 

on the filter are of the form 

dni (t) 
dt =Civ+A. n 1-l i-let) - Xini(t) 

P 
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where 
. t h n . = number of The 1 1 rime, 

A . 1 = radioactive decay 

species  of 2toz cn the filter as 2 function of 

.th constant of the 1 species  (min -11 ,, , 

'i 
.th = concentration of the 1 species  (atoms 1 -1 ), and 

7, = 
, air sampling flow rate (liters  min-l). 

T’ne solution of Eq. (1) is  of the form 

- 2.x  y  = e iv  = ,f 
*O F  (x)  eaxdx] . 

From the general form of the so lution, specific  equations can be 

obtained descr ibing the number of each 2222.n c iec z y  ?rodcct collec ted or, 

the filter as a function of time. Also by letting v  = 0 in EC,. (I), a 

set of equations descr ibing the decay on the filter of each 
222 Rn pro- 

-1; 

geny can be obtained. The equations descr ibing the decay of ‘-%n 

progeny on the filter can be integrz ted and related to the integral 

counts obtained experimentally . Values  for the total acr iv ities  of 

218 214 71 A 
PO 3 Pb, and “‘Bi on the filter at the end of sampling are obtained 

by apply ing matrix techniques . The airborne concentrations are obtained 

by  solv ing the equations descr ibing tile atom co11 ection rates or. the 

filter. A computer program has been written to perform these-matrix 

operations, to Cal+, -T- late the air concentrations of the radon progeny, and 

to estimate the accuracy of the ca lcu lated concentrations. 

The procedure descr ibed above was applicable in Building 4 on the 

Latt)r Avenue s ite but was not applicable in Buildings  1, 2, and 5 be- 
220 710 

cause of the presence of airborne FL? and “‘Rn in those s trucrures. 

b 
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-The 219ha energies of some daughters of these radicnuclides are nearly 

indistin,guishable (by 2.lpha qectzoscopy methods) from the alpha energies 

of some daughters of 273 --R.?l. However, 21lgi, 2 dacoh* ,,,,er of 219 Rn, was 
77 

distinguished from daugihters of -- 2 Rn and 220 Rn by taking two lo-rr~n 

Co'unts separated by an interval of SO min. Also, the concentration of 

3-2 and Tn-C were estimated 51, counting immediarel), 25:s saxpling and 

c 
2gar1 at 3 hz after sampling. 

~CI-DJQUE FOR l-E MEPSLIRLYEXT OF RADON CONCENTRATIONS IN ‘FE AIR 

iv'renn Chambers were used for the measurement of 222 Rn concentrations 

in air. The Wenn Chamber operates on the princl?le that RaA ions are 

positively charged. Radon is allowed to diffuse through a foam-rdbber- 

covered, hemispherically shaped metal screen, which filters radon daughters. 

As radon decays, after diffusing into the cavity, RaA ions are attracted 

to 2 thin aluminized mylar film which is stretched over 2 zbc sulfide 

s:Lniii iation detector. The poientiai between 55s aluminized mylar 

film and the hemispherically shaped wire screen creates a strong electric 

field which senes to attract the charged ions. The ions thus attracted 

remain on the surface of the mylar film and continue their radioactive 

decay to other radon daughters. The principal radiation detected by a 

radon monitor of t-his type is the alpha particles from RaA and RaC'. 

The 1Crenn Chambers are calibrated by using 2 known radon source. 

P 
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DESCRIPTICN OF Ge(ii) DETECTOR .LYD 

SOIL COLNTING PROCEDURES 



.  

I  
so  

3 E S C R IP T IO 5  CF  G e  (Li)  D E T E C T O R  S Y S T E M  
7  

A  ho lde r  fo r  twel l :e 3 0 - C m ’ Folyethy l  e n e  b o ttles  (s tandard  c o n ta iners  

fo r  Iiq - 2 1  s: int i l lat ion samp les )  a n d  a  b a c k g r o u n d  sh ie ld  h a v e  b e e n  

d e s i g n e d  fo r  u s e  k-i th 2  S O -cm’ Ge(L i )  d e tector  sys tem in  labora tor )  

c o u n tin g  o f radioact iv i ty  in  e n v i r o n m e n ta l  sa i iq ies  ( see  Figs.  III-.;, 

" 1  :;,,F\ d,)  . D-T; -7  D  ; ou?m-b -~~ l c  W A  -*.a =  o f th e  sampies ,  th e  ho lde r  is u s e d  to  sosi t icn 

te n  CT  ” ike  s a m p l e  bott les a r o u n d  th e  c l - l indr ical  srr r face of th e  derectcr ,  

para l le l  to  a n d  s)ymetr ic  a b o u t its axis,  a n d  twc a d d i tio n a i  b o ttles  

across  th e  e n d  sur face o f th e  d e tector,  Perpend icL ia r  to  a n d  syxnetr ic  
3  

wit h  its axis.  h ’ith  a  Z O O - c m  s a m p l e  a n d  a  g r a d e d  sh ie ld  d e v e l o p e d  fo r  

u s e  wi th th e  system, it is poss ib le  to  m e a s u r e  1  pCi /g  o f 
2 3 2 n  o r  2 .2 6 R a  , 

. wi tn a n  e = o r  o f I 1 0 %  or  iess a n d  
2 2 7  X c  wi th in  a n  er ror  o f 5  3 0 % . 

Pu l ses  a re  sor ted  by  a  4 0 9 6 ~ c h a n n e i  ana lyzer  ( see  Fig.  iII-C), 

s io red  0 2  m a g n e tic ta p e , a n d  s u b s e q u e n tly e n te r e d  in to a  c o r n o u te r  p r o g r a m  

wh ich  uses  a n  itera t ive least  squa res  m e t -hod to  i d e n tify rad ionuc l ides  

cc r res?onG ing  to th o s e  g a m m a - r a y  l ines  fo V u n d  in  t:h e  s a m p l e . T h e  p r o g r a m , 

wh ich  is access ib le  th r o u g h  a  r e m o te  te rmina l ,  re l ies  o n  a  l ibrary o f 

rad io iso topes  wh ich  c o n ta ins  a p p r o x i m a te ly  7 0 0  iso topes  a n d  2 s O G  g a m m a -  

rays  a n d  wh ich  runs  c o n tinuous l y  o n  th e  IB M - j60  cvs tem a t O R N L . In  -. 

i d e n ti fying a n d  q u a n ti fying 
2 2 6  R a , six p r inc ipa l  g a m m a - r a y  l ines  a re  

2 1 4  
a n a l  yc e d  . M o s t o f t’n e s e  a re  f rom B i a n d  co r respond  to  2 9 5 , 3 5 2 , 6 0 9 , 

1 1 2 0 , 1 7 6 5 , a n d  2 2 0 4  K e !‘. A n  es t imate  o f t‘n e  c o n c e n trat ion o f 
2 3 S u  is 

f rom a n  ana lys is  o f th e  9 3  K e V  l ine  f rom its d a u g h ter  
2 5 4  

o b ta i n e d  
ih. 

_._._... -  
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GUIDELINES FOR DECO!4~.A!4I?@.TiO? OF FACILITIES AXD EQUIPblEyT 

PRIOR TC RELE.GE FOR I.M?ESTRICTED USE 

GR T'ERMINATIOS OF LICEXSES FOR BYPRODUCT, SOURCE, 

OR SPECIAL SUCL3R MATERIAL 

U. S. Nuclear Regulatory Co-mzis~ion 
Division of Fuel Cycle and 
Material Safety 
Washington, D.C. 20555 

November 1976 



-- e . . . L?,Sir=;Ct1 ‘on5 in this guide in conj-anction kith Tzble IV-1 specify the 
-2?~~32pi.,‘i _  -y 2nd radiztion e.xposure rate lim its which should be used 
1, -rl a:comolishLng the decont2minzt ion and survey of surfaces or preciises 
2nd eq&er.t prior to a*bzndoi.meii:t or re?ezse for ?uzrestricted use. 
%e  ltiits in Tzble I do not apply to premises, equipment, or scr2p 
co r.taining induced radioactivity for which the radiological considera- 
tiox pertinent to their use may be different. The relezse of such 
iaciiities or i tems from regulatory control will be considered on a 
c=ze-by-case basis. 

: -. TTne l icensee shall make a reasonable effor, to eliminate residAa1 
con-am; Tat 4  on. - Y - 

? 
-. RaGioactivFty on equipment or surfaces shall not be coverti by  

paint, plating, or other covering material unless contamination 
1  evels, as determined by a  survey and documented, are below the 
1  imits specs, ‘=ied in Table I prior to applying the covering. A , - rezson231e effot, must be made to m intiize the contamination 
PYiOY to use of any covering. 

5. The radioactivity on the interior surfaces of pipes, drain lines, 
or ductwork shall be determined by making measurements at all .traps, 
and other zooropriate access points, provided that contamination 
at these 1oGtions is likely to be representative of contamination 
on the interior of the pipes, drain lines, or ductwork. Surfaces 
of premises, equipment, or scrap which are likely to be contaminated 
but are of such size, construction, or location 2s to make the 
surface inaccessible for purposes of measurement shall be presumed 
to be contaminated in excess of the lim its. 

1 -. Upon request, the Commission may authorize a  l icensee to relinquish 
possession or control of premises, equipment, or scrap having surfaces 
contaminated with materihls in excess of the lim its specified. This 
may  include, but would not be lim ited to, specizl c ircumstances such 
2s razing of buildings, transfer cr premises to another orvanication 
continuing work with radioactive materi2ls, or conversion :r facilities 
to a  long-term storage or standby status. Such rennesr must: . 

a. Provide detailed, specific informztion describing the 
premises, equipment or scrap, radioactive contaminants, 
2nd the nature, extent, and degree of residual surface 
contamination. 

b. Provide a  detailed health and safety analysis hfhich reflects 
that the residual amounts of materials on surface areas, 
together witii other considerations such 2s prospective use 
of the premises, equipment or scrap, are unlikely to 
result in an unreasonable risk to the health and szfety 

of the public. 

__^__“_~ e/.  _“. .- -. -- -- - 
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a. D-i~r --@ .a- release of premises for UnYeSiYiCied use 
SkL21 i nake a coqrehenslve rzdiztion surcey which 
contmination is within the l-hits specified ic T 
of the survey report, shzl? be filed with The Divi 
and Material Safety, USSRC, Washington, D.C. 205 
Director of the Regional Office of the Office of 
Ezforceaent , USNRC, having jurisdiction, ???e rq 
filed at least 30 days prior to the Flanned date 
Tne survey report shall: 

, The licensee 
esinblishes zhai 

'able I. A copy 
.sion of Fuel Cycle 
,55, and also the 
Inspec ' tlon az d 

rort should be 
of abandomnent. 

a. Identify the preaises. 

b. Show that reasonable effort has been made to elizixate 

resi&Lal contamination. 

C. Describe the scope of the survey and general procedures 
followed. 

d. State the firdings of the surrey in mits specified in 
the inszruction. 

. 
Following review of the report, the NRC wrll consider vlsitrng the . 

facilities to confim the survey. 

.- 

---- -- _.-- .- I- 



l‘nl~Lri IV- 1 
l 

hCCEI'?'hl)I,l:. SURI:ACI! CON'l'AMINA'I'ION LIWLS I 
_ --_- -.- ___ ..^ _-- -___I_ -- ____I_- .--__ __-__~~_~~__-~--..~--I_ -- 

NUCLJ INSn AVERAd ' f MAXIMUd) cl ' REMOVALII,IIb ' ' 

---~~ --- - --- -- 

Ii-nat, U-235, IJ-238, nnd 
associ ntcd dccxy products 

5,000 rlpn (I/ 100 cm* 

'I'rnllswal~ics, Rn-226, 1~3-228, 100 dpm/lOO cm2 
I 

300 dpm/lOO cm2 
WI-2311, 1‘11-228, l'n-231, 
k-227, I-125, I-129 

l'I1-r~nt, 1‘11-232, Sr-90 1,000 dpll1/100 al2 
11~1-223, Rn-221, U-232, T-126, 
J-131, I-133 

Iktn-gnmmn emitters (nuclidcs 
w i th decay motlcs other tlwn 
al plan emiss j on or spontaneous 
fissjon) cxcopt SR-90 and 
0 tlrer noted nl~ovc. 

5,000 dpm Py/lOO cm2 

15,000 dpm a/l00 cm2 1,000 tIpIll cl/ 100 cm2 

20 clpm/lOO cm2 

3,000 dpm/lOO cm2 200 tlpm/lOO cm* 

15,000 dpm fly/l00 cm2 1,000 tlpm By/l00 cm2 

--._--_-~--l_- ~_____ - -  __ - - - - - -~ I_ -  - - .  _ ._ ~~. 

f'lVl~cro surface contamination by both alphn- and betn-gamma-emitting nuclides exists, th0 limits CStal)liShcd for illpll3- ~llltl 

l)o1.:1-g:ini~ii~-cinittlng n~iclidos should apply independently. 

I, 
As IISC~ in this table, dpm (disintegrations per minute) means the rate of cmjssion by rndionctjve material as dctcrmined 
by correct ing the counts per minute observed by an npp-oprl ato detector for I~nckground, cf ficicncy , :ind ~;coslcl:ric f‘nctorr; 
associntctl with the iIlstrlimclltntiol~. . 

CFlc~~srrrcmc~~ts of nvcrngc contnminnnt should not be avcragcd over more thnn I square mctcr. For objects of 1~:;s surface 
II L‘C!il , tlro nvcragc sl~~11d IDC dcrivcd for ouch sucli object. 

1 ’ . 



‘\‘\, -\\nt * 
UT,,- 232 ) sl---y 
nn-224 9 “-25 ’ 

1-126, ‘> 

mnr,li w-i (CM Id. ) 

t 
tl 'I'hc m:ix imwu conlnminatioll love1 npplics to an nrca of uot more then 100 cm2. 

‘hc ;1n1011nt of rcmov:lblc radioactive material par 100 cm* of surface area sl~ould be dc~ermined by wiping that area with 

dry fi Itcr or soft nbsorhnt pflper, tIpplying modcrrlto prossure, and nsscssi.ng the nmount of rndionctivc material on the 

wipe with 1111 nppropriatc instrlalcnt of known efficicucy. IVhcn removable contumination on objects of less surface circa 
is tlctcrminctl, the pertinonl: level 9 should I)0 rothcod proportfonnl ly oud the eilt ii-o surf;~cc should bo wi pd. 

F 
'I'hc averngc ontl maximum rndiation levels assocJated with surface contamjnation resulting from beta-gamma emitters should 

uot cxcccd 0.2 mrad/hr at 1 cm and 1 .O mrad/hr at 1 cm, respectively, measured through not more than 7 milligrams per 
sqr~nrc ccntlnietcr of total tlllsorbcr. 

10 
0 



P:oposed 

AYSI s32s-19:: 

Proposed American National Standard 

Control of Radioactive Surface Contamination 

on Materials, Equipment, and Facilities to be 

Released for Uncontrolled Use 

Secretariat 

I-iealth Physics Society 



92 

,J 
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cf9.t f ’ 

Froperry shali not be released ior uncontrolled use unless doc*umented 
measurements show the total and removable contaminaticn levels to be 
nc greater thzn the values in Table IV-2 or Table IV-Z. (Table IV-3 
is easier to apply when’ the contaminants cannot be individually 
identiiied.) 

hhere Totentially contaminated surfaces are not accessible for neasure- 
ment (as in some pipes, drains, and ductwork), such propezy sh211 not 
be reieased pursuant to this standard, but made the subject of case-by- 
case evaluation. Credit shali not be taken for coatings over contam- 
inati or.. 

i 
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TABLE IV-2 

SURFACE COh"TAMINATION LIMITS 

Tne levels may be averaged* over the 1 m2 provided the maximum actit*ity 

in any area of 100 cm2 is less than 3 times the limit value. 

Limit (Activity) 

dpm/?OU cm2 

Nuclide 

Totzl Removable 

Group 1: Nuclides -for which the nonoccupational 
GC ** is 2 x lOaL3 Ci/m3 or less-or for-which the 
nonZicap2tlcnzl MPC l ** is 2 x 10 
includes k-227; AmW241; 

Ci/m3 or less; 
-242m, -243; Cf-249; -250, 

-251, -252; Cm-243, -244, -245, -246, -247, -248; 
I-125, -129; Kp-237; Pa-231; Pb-210; P-u-238, -239 
-240, -242, -244; Ra-226, -228; 73-228, -230.'**" 

Group 2: Those nuclides notin Group13 for yhich 
the nonoccupational ET l * is 1 x 10 Ci/m or 
less or for which the nkoccanational WC -** is 
1 x 10e6 E/m' or less; includes Es-254; ym-256; 
I-126, -131, -135; PO-210; Ra-223; Sr-90; Th-232; 

U,9j2 f**f - . 

Group 5: Those nuclides not in Group 1 or 
Group 2. 

100 

1,000 

5,000 

20 

200 

< 

1000 

*See note following Table 2 on application of limits. 

**MPc_ : bf2ximm Permissible Concentration in Air applicable to continuous 
exposike of members of the public as published by or derived from an 
authoritative soLIs 7-9ce such 2s NCRF., ICRP or NRC (10 CFR Part 20 Appendix 
B  Table 2, Column 1.) 

***?-PC : u Max- Permissible Concentration in V!ater applicable to mem- 
bers 0: t-he public. 

*it*!ralues presented here are obtained from 10 CFR Part 20. Tne most 
l imizng or " 211 given MPC values [e.g. soluble vs. insoluble) are to be 
used. In the event of the occurence of mixture of radionuclides, the 
frzction con tributed by each constituent of izs own limit shall be de- 
tenined 2nd the sum of the fractions must be less than 1. 

.- ---~ --- 



ZABE iv-3 

ALTERVATE SURFACE Cr)XTA!4fNATION LIMITS 

(All alpha emitters, except U-nai 2nd Th-nat are considered as a group) 

The levels may be averaged over 1 m2* provided the maximum activity in 

any area of 100 cm2 is less than 3 times the limit value. 

Limit (Activity) 

dpm/lOO cm2 

Nuciide 

If the contaminant cannot be identified; or 
if zlp'na emitters other than U-nat and Th-nat 
are present; or if the beta emitters comprise 
AC-227, Ra-226, Ra-228, I-125 and I-129. 

If it is known that all alpha emitters are 
generated from U-nat and Th-nat; and beta 
emitters are present which, while not 
idenrified, do not include AC-227, I-125, 
I-129, Ra-226 and Ra-228. 

100 

1,000 

Removable 

20 

200 

If it is known that alpha emitters are 
generated only from U-nat and Th-nat; and 
the beta emitters, while not identified, 
do not include AC-227, I-125, I-129, Sr-90, 
Ra-223, Ra-228, I-126, I-131 and I-133. 

5,000 1,000 

*NOTE ON APPLICATION OF TABLES 1 AH9 2 TO ISCJLATED SPOTS OR ACTIVITY: 

FOi purposes of averaging, any m3 of surface shall be,considered to be 
contaminated above the limit, L, applicable to 100 cm- if: 

a. From measurements of a representative number, n, of2sections, it is 
determined that l/n CSi 2 L, where Si is the dpm/lOO cm determined from 
measurement of sect& i; or 

b. On surfaces less than 1 m2, it is determined2that l/n ;Si 1 AL, 
where A is the area of the surface in units of m ; or 

C. It is determined that th$ activity of 211 isolated spots or particles 
in any area less than 100 Cm exceeds 3L. 
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SURGECS GEK;EXQ., 'S GU i3ELITiE.S 
Part 712 

Grand Junction Remedial Action Criteria 

Federal Register, lrol. 41, Ko. 253, PO. 56777-8, Thursday, December SO, 1976 

PART 712 - GPANI JUKTIOX 
REMEDIAL ACTIOS CRITERIA 

712. 1 Purpose 

(a) Tne regulations in this part establish the criteria for deter- 

mination by ERDA of the need for, priority of and selection of a?propriare 

remedial action to limit the ezqosure of individuals in the area of 

Grand Junction, Cola., to radiation emanating from uranium mill taiLing 
, 

which have been used as construction-related material. 

(b) The regulations in'this pait are issued pursuant to Publ. L. 

92-514 (86 Stat. 222) of June 15, 1972. 

713.2 Scope , 
Tne regulations in this part apply to all struct'ures in the area of 

Grand Junction, Colo., under or adjacent to which uranium mill tailings 

have been used as a construction-, relazed materfal between January 1, 1951, 

azd June 16, 1972, inclusive. 

f12.3 Definitions 

As used in this part: 

(al "Administratbr" means the Administrator of Energy Research and 

Develoument &his duly authorized representative. - 

Cb) "Area of Grand Junction, Cola.," means Mesa County, Colo. 

- __ -..-~-. --_.- 
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cc; "Background" means radiation arising from cosmic rays and 

radioactive material other than uranium mill tailings. 

(4 "ERDA" means the U.S. Energy Research and Develcpment Administra- 

tion or 2ny duly authorized representative thereof. 

(e) "ConstNction-related material" means any material used in the 

construction of a strilcture. 

(5) "External gvoma radiation level" means t’ne average gamma 

radlati 03 ex?osxre rate for t'ne habitable area of a strucLri +*?*e as measured 

nezr floor level. 

k) ” Indoor radon daughter concentration level" means that concen- 

t-ation of - radon daughters determined by: (1) Averaging the results of 

6 air s2qles, each of at lezst 100 hours duration, and taken at a minimum 

of d-wee-k intervzis throughout the year in a 'nzbitable area of a stmcture, 

or (2) utilizing some other Trocedure zcproved by the Commission. 

(51 "?lilliroentgen (mR) means 2 unit equal to one-thousandth (l/1000) 

of a roentgen which roentgen is defined as an exposure dose of X or gamma 

radlaL -ion such that the zssociated Corpuscular emission per 0.001293 gram 

-7 of air produces, in aa,, ions carrying one electrostztic unit of quantity 

of eieccicity of either sign. 

3) "Radiation" means the eiectiomagnetic energy (gamma) and the 

pZTtiC?LiZte radiation (alpha and beta) which emanate from the radioactive 

decay of radium and its daughter products. 

Cj) "Radon daughters" means the consecuCve decay products of radon- 

,?- ,,L. Generaliy, these include Radium .A (polonium-21&), Radium B (lead-214), 

Radium C (bismuth-214), and Radium C' (polonium-214). 

.--- _-_-“_ ._ 
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Ck) "Remedial action" means any action taken with a reasonable ex- 

?eczzzion of reducing the rtiiztion exposure resulting from uranium mill 

tailings which have been used as construction-related material in and 

around Structures in the axa of Grand Junction, Colo. 

Cl! 

lat& to 

the U.S. 

July 27, 

(ml 

"Surgeon General's guidelines" means radiation gLidelines re- 

uranium mill CZiiiTlgS prepared and released by the Office of 

Surgeon General, Department of Health, Education z.nC :qeihre on 

1970. 

"Urani& mill tailings" means tailings from a uranium mill opera- 

tion involved in the Federal uranium procurement program. 

(nl "Working Level" (WI,) means any combination of shor;-lived radon 

daughter products in 1 liter of air that wiil result in the l &lttiie 

emission of 1.3~10' MeV of potential alpha ener,v. 

712.4 Inteqretations 

Except as specifically authorit& by the Administrator in Writing, no 

intemretation of the meaning of the regulations in this pain by an of5iccr L 

or employee of ERDA other than a miiten inteqretation by the General 

Counsel wiii be recognized to be binding u?on ERDA. 

712.5 Communications 

Except where othetise specified in this pars, a11 communications 

concerning the regulations in this paf, should be addressed to the Director, 

Division of Safety, Standards, and Compliance, U.S. Ener,7 Research and 

Development Administration, Washington, D.C. 25545. 

712.6 General radiziion e-osure level criteria for rezdlzl action 

Tne basis for undet,aking remedial action shall be the aT?licable 

---- “_ ._ ~.-. - 



98 

. . . guaaeiines ?yy 7,'*IFshed by the Surgeon General of the United States. These 

guidelines recommend the follow;,?g graded action levels for remedial 

action in terms of external gamma radiation level (EGR) and indoor radon 

daughter concentration level (RX) above background found within dwellings 

constr;cted on or with uranium mill tailings: 

EGR RDC Recommendation 

Greater than 0.1 .Grez.ter than 
mR/hr. o.cs WL. 

Remedial action indicated 

From 0.05 to 0.1 
mR/hr. 

From 0.01 to 
0.05 WL. 

Remedial action may be 
suggested . 

Less than 0.05 
mR/hr. 

Less than 0.01 
WL. 

No remedial action in- 
dicated. 

-. 
712.7 Criteria for determination of possible need for remedial action 

Cnce it is determined that a possible need for remedial action exists, 

the record owner of a structure shall be notified of that stracture's 

eligibility for an engineering assessment to confirm the need for remedial 

action and to ascertain the most appropriate remedial measure, if any. A 

determination of possible need will be made if as a result of the presence 

of uranium mill tailings under or adjacent to the structure, one of the 

following criteria is met: 

(a) Where ERDA approved data on indoor radon daughter concentration 

levels are available: 

(1) For dwellings and schoolrooms: An indoor radon daughter con- 

centration level of 0.01 WL or greater above background. 

--- 1 
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[2) Fcr other structures: An indoor radon daughter ccncentration 

level of O.C3 IYL or greater above background. 

@I ;:here ERDA approved dais on indoor radon daughter concentration 

levels are not available: 

(i) An external gamma radiation level of 0.05 mR/hr. or greater above 

jac*<?-h~~rld. . QAi-. 

(ii) An indoor radon daughter concentration level of 0.01 1VL or 

greater above background (presumed). 

(A) It may be presumed that if the external gamma radiation level 

is equal to or exceeds 0.02 mR/hr. above background, the indoor radon 

daughr er concentration level equals or exceeds 0.01 KL above background. 

(31 It should be presumed that if the external gamma radiation level 

is less than 0.001 mR/hr. above background, the'indoor radon daughter .- 
concentration level is less than 0.01 h;L above background and no possible 

need for remedial action exists. 

(C) If the external gamma radiation level is equal to or greater 

thax 0.001 m'./hr. above background but is less than 0.02 mR/hr. above 

background, measurements will be required to ascertain the indoor radon 

daughter concentration level. 

(2) For other structures: (i) An external gamma radiation level of 

0.15 mR/hr. above background averaged on a room-by-room basis. 

(ii) No presumptions shall be made on the external gamma radiation 

level/indoor radon daughter concentration level relationship. Decisions 

h-ill be made in individual cases based upon the results of actual measure- 

ments . 



713 8 I *-. Seterminarion of possible need fsr remedial action where 

criteria have not been met 

The possible need r'or remedial action may be determined where the 

criteria in 712.7 have not been met if various other factors are present. 

Such factors include, but are not necessarily limited to, site of the 

affected area, distribution of radiation levels in the affected area, 

amount oi tailings, age of individuals occupying affected area, occupancy 

time, and use of the affected area. 

712.9 Factors to be considered in determination of order or priority 

for remedial action. 

In detetiting the order or priority for execution of remedial action, 

. . conszoeration shall be given., but not necessarily 

factors: 

(a) Classification of stNcfure. Dwellings 

considered first. 

(b) Availability of data. Those stnctures for which data on indoor 

limited to, the folloting 

and schools shall be 

radon daughter concentration levels and/or external gatmua radiation levels 

are available when the program starts and which meet the criteria in 

712.7 will be considered first. 

(c) Order of apolication. Insofar as feasible remedial action will - 

be taken in the order which the application is received. 

(d) Magnitude of radiation level. .Ln general,,those structures with 

the highest radiation levels will be given primary consideration. 

------- - __--. -..-_.___ .~--..-. -- 


